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FIBRIN- BINDIHG PBPTIDBS, DNA CX)DXNG TBSRBFOR 
AND USBS THEREOF 

BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to isolated fibrin- 

10 binding peptides (FBPs) , and more particularly the C- terminal 
fibrin binding peptide, DNA encoding these peptides, and 
methods for making and/or using such peptides in diagnosis 
and/or therapy, such as for detecting fibrin in or associated 
with any tissue (e.g., in a thrombus or atherosclerotic 

15 lesion) and measuring fibrin -binding biological activity. 

Description of the Background Art 

Fibronectin and Fibrin in Wound Healing. Thrombosis 
and Atherosclerosis. Fibronectin is a 440 kDa molecular 

20 weight glycoprotein, which is involved in blood clotting. 

Fibronectin* s action in wound healing stems in part from its 
ability to bind both fibrin and the gpIIIa-IIb integrin 
receptors on platelets (Skerret, Science 252:1064-1066 
(1991)). Fibrin is a component of both thrombi and 

25 atherosclerotic lesions. There is a great need for diagnostic 
and therapeutic agents with the ability to target fibrin and 
deliver agents capable of imaging or treating thrombi or 
atherosclerotic plaque (Stenman et al., Acta, Med. Scand. 
642:165-170 (1980); Jensen et al . Histochem. 77:395-403 

30 (1983)). 

Fibronectin binds to the C- terminal portion of the 
fibrin A a- chain (Mosher, J. Bioi . Chem. 250:6614-6621 (1975); 
Stemberger et al., Hoppe-Seyler' s Z. Physiol. Chem, 357: 1003- 
1005 (1976); Iwanaga et al., Ann. N.Y. Acad. Sci. 312:56-73 
35 (1978); Stathakis et al.. Blood 51:1211-1222 (1978)). Two 

separate fibronectin domains are involved in fibrin binding, 
one in the N- terminal half and one in the C- terminal half of 
the molecule. Both sites are on each subunit of human plasma 
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fibronectin. The fibrin-binding site in the N- terminal 29 kDa 
tryptic fragment of fibronectin has been identified (Erickson 
et al.. J. Cell Biol, 91:673-678 (1981); Garcia-Pardo et 
al., J. Biol. Cbem. 258:12670-12674 (1983); Hayashi et al . . J. 
Biol. Chezn. 258:3332-3340 (1983)). This domain lacks 
carbohydrate (Wagner et al.. J. Biol. Chem. 254:6746-6754 
(1979)), and has a surprisingly large number of other binding 
interactions. Its cloning and more specific characterization 
has been reported in Rostagno et al . , J. Biol. 
Chem. 269:31938-45 (1994) and Williams et al . , J. Mol. 
Biol. 235:1302-11 (1994). 

A second fibrin -binding site, close to the C- 
terminus of both the A and B subunits of human plasma 
fibronectin, .is a high affinity binding site (Hayashi, M. et 
al., J. BioL^Chem. 258:3332-3340 (1983); Sekiguchi, K. et 
al., J. Bioi. Chem. 258:3967-3973 (1983) ;. Sekiguchi, K. et 
al., Biochr-:.-nistxy 22:1415-1422 (1983); Garcia-Pardo, A. et 
al., J. Exol. Chent. 260:10320-10325 (1985)). However, its 
specific location and characterization has not previously been 
disclosed. 

Fibronectin is a multifunctional protein (for 
general reviews see Ruoslahti, Ann. Rev. Biochem, 57:375-413, 
1988, Mosher et al . , Fibronectin. Academic Press, N.Y. 1939 
and Hynes, Fibronectins, Springer- Verlag, N.Y., 1990) . The 
protein is secreted into the extracellular environment as a 
dimer of various different monomer isoforms joined near their 
C- termini by two anti-parallel disulfide bonds (An et 
al., Biochem 31||927-9933 , J.992) . The dimer is found in 
plasma and as g:. insoluble matrix upon which cells attach and 
migrate. Solutiie plasma fibronectin plays an important role 
in wound healin|, acting as a constituent of blood clots, due 
to its affinity.' for fibrin (Stathakis et al., 1978). The 
plasma and cellular forms are not identical due to 
differential alternative mRNA splicing of portions of the C- 
terminus; however, they both contain two fibrin -binding sites, 
i.e., the N-terroinal and C-tenninal sites, on each monomer. 

Fn is a mosaic protein comprised of numerous members 
of three different protein module families, classified ks 
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module types 1 (Fl) , 2 (F2) , and 3 (F3) (Petersen (1983) Proc. 
Nat'l. Acad. Sci. USA 80, 137-141; Kornbliht (1985) EMBO 
J. 4, 1755-1759), that are characterized by conserved 
consensus sequences of approximately 43-45, 60, and 90 amino 
acid residues, respectively. The nomenclature used herein 
with respect to such modules is as follows. Each single 
region of sequence homology expressed is called a "module". 
Two regions expressed together are called a "module pair", 
three would thus be called a "module triplet", and so on. The 
three types of module in fibronectin are identified as Fl, F2 
and F3. Particular modules in the fibronectin molecule can be 
identified by a number positioned to the top left-hand side of 
the module type identifier. This number is such that the 
first occurrence of that module type from the N- terminus is 
number 1, i.e., the fourth type 1 module is (*F1). If more 
than one module are expressed together, a full stop (period) 
is used to separate the module identifiers for each repeat. 
Thus, for example the second type 2 module linked to the 
seventh type 1 module would be known as module pair 
(2F2.^F1) . 

Each Fn monomer consists of six consecutive N- 
terminal type 1 modules, followed by two type 2 modules and 
three further type 1 modules. Subsequently, a chain of 15-17 
type 3 modules leads into three type 1 modules at the C- 
terminus. A major characteristic of the type 1 and 2 
structures is the placement of cysteines resulting in specific 
disulfide bond formation. Type 3 modules typically do not 
contain cysteines; the Arg-Gly-Asp-Ser sequence that binds 
cell surface integrin receptors is within this structure in 
the tenth type 3 module (^°F3) (Piersbacher (1984) Nature 309, 
30-33) . 

The three Fn module families have been studied 
extensively by nuclear magnetic resonance (NMR) techniques and 
solution tertiary structures for members of all three have 
been reported. These include the seventh type 1 module from 
Fn CBaron (1990) Nature 345, 6420-646), the single type 1 
module from tissue- type plasminogen activator (Downing 
(1992) J. Mol. Biol. 225, 821-833), a type 2 module from PCD- 
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109 (Constantine (1992) J. Mol . Biol. 223, 281-298) and the 
tenth type 3 module from Fn (Main (1992) Cell 11, 671-678). 
In addition, the crystal structure of a type 3 module of 
tenascin has been determined (Leahy (1992) Science 258, 987- 
991. These isolated structures provide characteristic 
conserved "consensus" folds for each class of module. 

The modules of Fn are organized into several 
proteolytically resistant domains that harbor specific ligand 
binding activities (Hynes (1990) Fibronectins. Springer- 
verlag, N.Y.). Because of these various protein interactions, 
Fn plays important roles in many diverse biological activities 
including wound healing, phagocytosis, cell matrix assembly, 
and both cellular adhesion and migration. The role of Fn in 
wound healing is mediated through its affinity for fibrin 
(Stathakis (1978) Blood 51, 1211-1222; Mosher (1975) J. Biol. 
Chem. 250, 6614-6621) and by its ability to bind to integrins 
on platelets (Hynes (1990) Fibronectins. Springer- Verlag, 
N.Y.). The interaction of Fn with fibrin is also important in 
augmenting the binding of fibrin to macrophages for subsequent 
phagocytosis (Kaplan (1989) J. Lab. Clin. Med. 113, 168-176), 
and in tissue debridement and wound repair. Both the NHj - and 
COOH- terminal domains of Fn (consisting of five (^Fl-SFl) and 
three (lopi-i^Fl) consecutive type 1 modules respectively) 
have previously |een reported to bind to fibrin (Hormann 
(1980) Hoppe-sJ^jer's Z. Physiol. Chem. 361, 1449-1452; 
Sekiguchi (19 8()|j|Biochem. Biophys . Res. Comm. 97, 709-715; 
Se)ciguchi (I982||j-. Biol. Chem. 258, 3967-3973; Hayashi 
(1983) J. BioI.|fchem. 258, 3332-3340; Garcia-Pardo (1983) j, 
Biol. Chem. 258|i2670-12674; Garcia-Pardo (1985) J. Biol. 
Chem. 260, 10320-10325. Although the level of affinity of the 
NH2 -terminal of Fn for fibrin is relatively low under 
physiological conditions (Garcia Pardo (1985) J. Biol. 
Chem. 260, 10320-10325). this domain can undergo 
transglutaminase catalyzed covalent cross -linking to fibrin 
between the Gln3 residue of Fn and a lysine residue from 
fibrin (McDonagh (1981) FEBS Lett. 127, 174-178). This acts 
to stabilize the interaction of Fn with fibrin within 
developing blood clots, allowing Fn to form a stable matrix at 
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the wound site, upon which various cell types and 
extracellular matrix proteins can attach. Furthermore, the 
NH2 -terminal type 1 modules (iFl--^Fl) mediate the binding of 
soluble Fn to cell surfaces and possess a site involved in 
autopolymerization; they are thereby involved in Fn fibril 
formation and matrix assembly (McKeown-Longo (1985) J". Cell 
Biol. 100, 364-374; Sottile (1991) J. Biol. Chem. 266, 12840- 
12843; Schwarzbbauer (1991) J. Cell. Biol. 113, 1463-1473). 

The tertiary structures of two of these proteins, 
' Fl and the *F1,^F1 module pair, have previously been 
determined by two dimensional nuclear magnetic resonance 
(NMR) techniques (Baron (1990) Nature 345, 642-646; Williams 
(1993) Biochemistry 22, 7388-7395) . No functional 
characteristics were ascribed for either the module or module 
pair. The conserved type 1 "consensus" structure of these 
modules consists of an N- terminal double stranded anti- 
parallel S- sheet to enclose a hydrophobic core of conserved 
residues. The fold is further constrained by two conserved 
disulfide bonds which link together in the pattern 1-3 and 2- 
4. 

The single type 1 module from tissue plasminogen 
activator (t-PA-Fl) has also been implicated in fibrin binding 
(Bennet et al., J". Biol. Chem., 1991; Banjai et al., 1983; 
Sottile et al,, Biochem. 32:1641-1647, 1991). The interaction 
between fibronectin and fibrin is further stabilized by Factor 
Xllla transglutaminase- catalyzed crosslinking of Gln^ from the 
N- terminus of fibronectin, to a lysine residue of fibrin 
(McDonagh et al., FEBS Lett. 127:174-178, 1981). 

Other proteins have the capacity to bind to fibrin, 
such as tissue plasminogen activator (tPA) , as above, 
lipoprotein a ((Lp(a)) and plasminogen (Lozcalzo, et 
al., Arteriosclerosis 10:240-245 (1990)). Fibrin has been 
identified in the intima of normal and atherosclerotic human 
aorta and large arteries, e.g., as shown using a monoclonal 
antibody (mAb) specific for the C- terminal region of human 
fibrinogen A a-chain (Shelchonin et al.. Atherosclerosis 
82:213-226 (1990) ) . 
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Clinical signs of thrombosis and atherosclerosis are 
unreliable and thus there is a compelling need for methods for 
early detection. Arterial thrombosis is a causative factor in 
unstable angina, acute myocardial infarction, sudden cardiac 
death, transient ischemic attacks, and stroke.. Inaccurate 
diagnosis, ineffective therapeutic response, and restenosis 
following seemingly successful treatments, such as 
angioplasty, are all problems associated with acute arterial 
syndromes. Furthermore, emboli lodging in the cerebral as 
well as the pulmonary and peripheral vascular circulation are 
a major cause of morbidity and mortality. Unfortunately, all 
the existing techniques to localize thrombi have proven to 
have significant limitations and are inaccurate. Most of the 
problems associated with past methodologies could be solved by 
15 a small agent that could rapidly (< 2 hrs . ) bind with high 
affinity to a component of thrombi, emboli, and 
atherosclerotic plaque. 

There is a recognition in the art that plasminogen 
activators with greater specificity for fibrin, are desired for 
20 the dissolution of intravascular clots, and one approach has 

been the preparation of chemically cross -linked or recombinant 
hybrid molecules. These have included: a crbss- linked hybrid 
combining the fibrin-binding domain of plasminbgen and the 
catalytic domain of urokinase (Robbins et al . V 
25 Biochemistry 25:3603 (1986)); a hybrid linking" the fibrin- 
binding A chain of plasminogen to the catalytic domain of tPA 
(Robbins et al . , Science 222:4661 (1987)); a recombinant 
hybrid composed of the fibrin-binding domain of tPA and the 
low molecular weight form of scuPA (the catalytic site of 
30 urokinase) in a form that is resistant to plasminogen 

activator inhibitor-I (Nelles, L. et al., j. Biol. Chem. 
262:10855 (1987)); and antibody- based molecules such as a 
hybrid between an anti- fibrin 0 chain mAb and tPA (Schnee, 
J.M., et al., Proc. Natl. Acad. Sci. VSA 84:6904-6908 (1987)). 
35 Non-human monoclonal antibodies are foreign to a human patient 
and can induce a host vs. graft response. 

Whereas current methods are sufficiently sensitive 
to detect pulmonary emboli, e.g., by angiography, there is no 
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specific method for identification of the emboli. There thus 
exists in the art a long recognized need for a specific method 
that could be used repetitively in a subject that can better 
target imaging agents to fibrin- containing emboli. Moreover, 
since spontaneous release of thrombi in stenotic coronary 
vessels is believed to be a mechanism involved in unstable 
angina (Ambrose et al., JACC 13:1666-1671 (1989)), repetitive 
use of a fibrin-binding imaging agent to identify microthrombi 
would aid in monitoring the effects of administering 
anticoagulants (and vasodilators) . 

The identification and characterization of the sites 
of thrombosis, intravenous fibrin deposition or 
atherosclerosis are important for clinical diagnosis. In the 
case of early localized thrombosis, it is preferable to search 
for "hidden . sites " in individuals who have not yet developed 
clinical symptoms. In individuals suffering from a disease or 
condition associated with thrombosis or intravascular fibrin, 
the capacity to identify the location and size of the involved 
sites anu monitor changes following initiation of therapy is 
important fcr effective clinical treatment. 

Whereas known techniques can provide some useful 
information, they result in an unacceptably high frequency of 
both false positive and false negative results, may be 
insensitive, require an unacceptable amount of handling and 
processing, or are accompanied by unacceptable side effects . 
Thus, there is a recognized need in the art for more direct, 
more sensitive and more specific methods for detecting and 
localizing sites of thrombosis, fibrin deposition or 
atherosclerotic plaque, particularly techniques that could be 
performed serially to assess the response to therapy over 
time. 

ST3MMARY OF THE INVENTION 
The present invention is primarily directed toward 
novel fibrin-binding molecules which include fibrin-binding 
peptides derived from fibronectin. Such molecules have a 
number of utilities, such as for the diagnostic imaging of 
clots, thrombi, microthrombi, pulmonary emboli, 
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atherosclerotic lesions or tumors, and the targeted delivery 
of therapeutic agents to thrombi, cancer cells and/or sites of 
certain, bacterial infections. The fibrin-binding molecules of 
the present invention can also be used to treat, inter alia 
a subject suffering from a disease or disorder involving 
abnormal fibrinolysis or f ibrinogenesis . Thus, the present 
invention includes fibrin- binding molecules, diagnostic and 
pharmaceutical compositions comprising such molecules, methods 
for producing these molecules. DNA encoding such molecules, 
and methods of using such molecules and pharmaceutical 
compositions. 

The fibrin-binding molecules of the present 
invention include at least one peptide essentially 
corresponding to the -Fl.-Fi module pair of fibronectin but 
includes no more of the natural fibronectin molecule than the 
C- terminal ii kDa proteolytic fragment. 

The fibrin-binding molecules may include, bound to 
the peptide, a diagnostic marker or a therapeutic agent The 
diagnostic marker may be a detectable label for use in imaging 
of areas of the body to which the fibrin- binding molecules of 
the present invention may bind. The therapeutic agent may be 
a thrombolytic or fibrinolytic agent in order to lyse the 
clots which are bound by the fibrin -binding portions of the 
molecules. Alternatively, the therapeutic agent may be a 
cytotoxic agent for use, for example, when the cells which are 
bound by the fibrin -binding portion of the molecules are tumor 



cells 



The fibrin- binding molecules of the present 
invention may be formulated into pharmaceutical compositions 
with an appropriate pharmaceutically acceptable carrier. 

Methods for making the fibrin -binding molecules of 
the present invention include recombinant DNA techniques 
peptide synthesis or proteolytic cleavage from the intact 
fibronectin molecule. For the purpose of producing the 
molecules of the present invention by recombinant DNA 
techniques, a DNA molecule encoding the fibrin-binding 
molecule must first be obtained, which DNA molecule is also an 
embodiment of the present invention. Vectors containing such 
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DNA and hosts transfected by such vectors and capable of 
expressing the fibrin-binding molecules of the present 
invention are also embodiments of the present invention. 

A method for the production of the fibrin-binding 
5 molecules of the present invention by recombinant DNA 
techniques preferably comprises: 

(a) culturing a host capaible of expressing the 
peptide under culturing conditions, 

(b) expressing the peptide; and 

10 (c) recovering the peptide from the culture. 

The process can additionally comprise: (d) purifying the 
peptide. 

The present invention is also directed to a method 
of detecting a site of fibrin deposition, such as thrombosis, 

15 emboli, tumor, wounds, infection, or atherosclerotic plaque in 
an individual which comprises administering to the individual 
a diagnostically effective amount of a detectably labeled 
peptide as above, which substantially accumulates at the site 
and does not substantially acciJinulate at a site which does not 

20 have the thrombosis, fibrin deposition, or atherosclerotic 
plaque, and detecting the fibrin-binding peptide. 

Also provided is a method for preventing or treating 
a cardiovascular, cerebrovascular or peripheral vascular 
disease by administering to a subject an effective amount of a 

25 peptide, either by itself or attached or bound to a 
fibrinolytic or thrombolytic agent or pharmaceutical 
composition as above. 

Antibodies specific for a fibrin -binding domain of 
the molecules of the present invention are also an embodiment 

30 of the present invention. Such antibodies may be used to 
interfere with the binding of fibronectin to fibrin or for 
immunoassays for the fibrin-binding epitopes of fibronectin. 

In yet another embodiment, the invention provides an 
immunoassay method for detecting the presence or measuring the 

35 concentration of a sxibstance capable of binding to fibrin in a 
sample, comprising 
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(a) contacting a sample suspected of containing the 
fibrin-binding substance with fibrin bound to a carrier under 
conditions which allow the substance to bind to the fibrin; 

(b) contacting a binding partner specific for the 
5 fibrin-binding substance with the bound fibrin-binding 

substance under conditions which allow the binding partner to 
bind to the substance; and 

(c) measuring the binding partner bound or unbound 
to the carrier, 

10 thereby detecting or measuring the fibrin- binding substance. 

An alternative embodiment is provided, wherein a 

competitive immunoassay method for detecting the presence or 

measuring the concentration of a substance capable of binding 

to fibrin in a sample, comprises 
15 (a) incubating a sample suspected of containing the 

fibrin-binding substance with: 

(i) a known fibrin-binding protein or peptide; and 

(ii) a fibrin-binding peptide bound to a carrier, 
under conditions which allow the substance to bind 

20 to the carrier-bound fibrin, wherein the binding of 

the substance will competitively inhibit the binding 
of the known fibrin- binding protein or peptide; 

(b) contacting a binding partner specific for the 
known fibrin -binding peptide or protein with the bound fibrin- 

2 5 binding substance under conditions which allow the binding 
partner to bind to the substance; and 

(c) measuring the binding partner bound or unbound 
to the carrier, 

wherein a decrease in the amount of binding partner 
30 bound is directly related to the concentration of the 

substance in the sample, thereby detecting or measuring the 
fibrin-binding substance. 

BRXBF DESCRIPTION OP THE DRAHIN6S 

35 Figure 1 presents a depiction of a three-dimensional 

model of the domain structure of human plasma fibronectin. 

Figure 2 shows a representative selection of some of 
the known proteins that comprise mosaics of modules. Proteins 
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(a) -(d) are associated with blood clotting/f ibrinolysis; 
proteins (e) - (h) are associated with complement; proteins (i) 
and (j) are in the extracellular matrix; twitchin (k) is an 
intracellular protein associated with muscle; proteins (1) and 
5 (m) are cell adhesion molecules; proteins (n) - (q) are various 
cell-surface receptors. Individual modules are depicted by 
letters and different shapes. With the exception of twitchin, 
all the proteins shown are found on the cell surface and/or in 
extracellular spaces and are usually glycosylated. Most of 

10 the modules are stabilized by disulfide bridges although the 
third fibronectin module, F3, which appears in niomerous 
proteins both inside and outside the cell, usually is not. 

Figure 3 is a graph showing the purification of 
fibrin- binding peptides, derived from fibronectin, by affinity 

15 chromatography on a f ibrin-SEPHAROSE^" column; an SDS-PAGE gel 
pattern, not shown, indicates that the fibrin- binding peptides 
eluted from the affinity column had in this example molecular 
masses of 25 kDa (peak a) and 11 kDa (peak b) . 

Figure 4 presents the amino acid sequence (SEQ ID 

20 N0:1) of a human plasma fibronectin molecule and shows the 
localization of the fibrin-binding peptides within this 
sequence. Noted is the sequence of the N- terminal fibrin- 
binding domain that possesses a molecular mass of 25,873 Da as 
determined by laser desorption mass spectrometry. By amino 

25 acid sequence analysis, determination of the molecular mass, 

and analysis of the theoretical masses by the computer program 
General Protein Mass Analysis for Windows, it was determined 
that the N- terminal FBP commences at Ser^ ' and terminates at 
Gln^*s (residues 17-246 of SEQ ID N0:1) Also indicated is 

30 the sequence of the 11 kDa C- terminal fibrin-binding fragment 
beginning at Gln^^23 (residues 2123-2232 of SEQ ID NO:i). 

Figure 5 presents the amino acid sequence of the 
entire 11 kDa C- terminal fibrin -binding peptide (residues 
2123-2232 of SEQ ID N0:1). 

35 Figure 6 is a graph showing the binding of 

fibronectin and the 11 kDa fibrin-binding peptide to fibrin- 
coated plates in an ELISA. A rabbit polyclonal antiserum made 
against the 11 kDa peptide was used to detect this fragment. 
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While fibronectin is detected by polyclonal anti-Fn antiserum 
to intact fibronectin. 

Figures 7 is a graph showing the inhibition of 
binding of fibronectin to fibrin by antibodies specific for 
the N- terminal fibrin -binding domain and for the ii kDa 
peptide . 

Figure 8 is a graph showing the binding of ^^^I-ii 
kDa fibrin -binding peptide to fibrin- coated microtiter plates 
at three different concentrations. Analysis of the binding 
data by non- linear regression and estimation of the 
dissociation constant was performed employing GraphPad 
Prism''" . 

Figure 9 is a graph indicating the competitive 
inhibition of ^2^1-11 kDa binding to fibrin- coated microtiter 
wells by unlabeled 11 kDa FBP. The ^^^l-ii kDa FBP was 
combined with increasing concentrations of unlabeled 11 kDa 
peptide and immediately incubated with fibrin- coated wells. 
Bound 12*1-11 kDa FP was assessed by measuring the 
radioactivity attached to the individual removable fibrin- 
coated wells. It is also shown that an unrelated protein, egg 
lysozyme, that was used as a negative control, does not cause 
inhibition of binding. 

Figure 10 is a graph representing the reversibility 
of iz^l-ii kDa binding to fibrin-coated microtiter wells. 
After a constant concentration of iz^l-ii kDa had been 
incubated with.ythe fibrin coated wells, the bound iodinated 
FBP was reversibly displaced by addition of increasing 
concentrations of unlabeled 11 kDa FBP. An unrelated protein, 
egg lysozyme, was unable to displace ^^^l-ii kDa FBP bound to' 
the fibrin wells. 

. Figure 11 is a graph showing the binding of the 11 
kDa fibrin -binding peptide to f ibrin-SEPHAROSEi" following 
labeling with ^^^l. Bound ^^^I-ii kDa fragment was eluted 
from the affinity matrix with 0.5 M NaCl, 6 M urea as 
indicated in the graph. 

Figure 12 illustrates aspects of the synthesis of 
DNA inserts by PCR. Two synthetically prepared 
oligonucleotides ( (A) and (B) ) , complementary to a cloned 
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fragment of the human fibronectin gene were used in a standard 
PGR reaction: DNA melting, 1 min at 92 ^C; single strand 
annealing, 1 min at 56«C; extension, 3 min at 72°C. This 
cycle was repeated 25 times. The oligonucleotides for the 
lopi.iipi DNA insert are shown. Oligonucleotide A (SEQ ID 
NO: 2) corresponds to the N- terminus of the domain, giving a 
blunt end. Oligonucleotide B (SEQ ID NO: 3) corresponds to the 
C- terminus, with a stop codon followed by a BamHI site and a 
short 5* tail to aid enzymatic cleavage by restriction 
endonucleases . 

Figure 13 is a schematic diagram of the pMBSO E. 
coli vector. The fibronectin DNA insert is ligated between 
the StuI and BamHI sites. The StuI site links the insert and 
the leader sequence and the ampicillin resistance gene is used 
to select the positive E. coli transf ormants . 

Figure 14 shows a schematic diagram of the pMASl 
yeast/shuttle/expression vector. The Bglll/BamHI fragment 
from pMBSO (see Figure 14) is ligated between the 
Phosphoglycerate Kinase (PGK) promoter and terminator, which 
direct expression. Ampicillin resistance is used to select 
for positive E. coli clones and the leu2 gene for positive 
yeast transf ormants. Vector construction and expression for 
the ^Fl and ^Fl.^Fl type 1 modules are performed as described 
for the *F1.5F1. In the case of the ^^Fl module the 
expression plasmid is constructed using the pSW6 vector with a 
galactose inducible promoter. The fibronectin DNA insert is 
ligated directly into the single Bglll site of the pSW6 yeast 
expression vector, downstream and in phase with the a- factor 
leader sequence- Competent yeast cells {Saccharomyces 
cerevesiae MC2) were transformed with pSW6-^°Fl and selected 
by their ability to grow on leucine -minus medium. 

Figure 15 schematically illustrates the initial 
fusion protein product containing the fibronectin type 1 
*F1.^F1 structural domain. The 60 residue signal leader 
sequence directs peptide secretion. It is separated from the 
fibronectin type 1 domain by Lys-Arg. The fusion product is 
cleaved at the C- terminal side of Arg by KEX2, a yeast 
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cachepsin B-like protease, during secretion, leaving an 
authentic N- terminus. 

Figures I6A-B present nuclear magnetic resonance 
(NMR) data, more specifically: 16A shows the region of a 
nuclear Overhauser enhancement spectroscopy (NOESY) spectrum 
showing nuclear Overhauser effects (NOE) from backbone amide 
protons. The solid and dotted lines illustrate the sequential 
assignment of two regions of the module (we refer to the 
residues in the expressed module as 1-48, 430 must be added to 
obtain the numbering of intact fibronectin) . Intra-residue 
HNi-HCai NOES are labelled. Vertical and horizontal lines 
connect these to unlabeled peaks which are sequential HN(i+i) - 
nca(i) NOES. 16B presents a diagonal plot of the NOE distance 
constraints used for the generation and refinement of the 
fibronectin module 7 structures. The filled squares represent 
pairs of residues connected by at least one distance 
restraint. The solid squares indicate restraints involving 
only side- chain atoms and the hatched squares indicate 
restraints involving at least one backbone atom. 

Figure 17A shows a three-dimensional stereo overlay 
of the Ca, C, N atom backbone (residues 8-48) of the ten final 
structures of .^fibronectin. Figure 17B presents.an overlay of 
the core hydroEjhobic residues (Y17,W23, and W45). and the 
consensus dig^;fide bonds, with part of the average structure 
C backbone added to aid visualization. 

Figure 18 presents an alignment of human type 1 
module sequences from modules 1-12 of fibronectin (residues 
21-65, 66-109, 110-154, 155-199, 200-244, 277-312, 439-486 
487-529, 530-569, 2144-2188, 2189-2232, and 2233-2271, 
respectively, of SEQ ID N0:1), factor XII (SEQ ID NO-4) and 
tPA (SEQ ID N0:5) . The sequences are aligned to maintain 
homologous positions for highly conserved residues in the 
secondary structure. Consensus features are displayed 
according to the following code: uppercase, invariant 
residues; y. tyrosine or phenylalanine,- r, arginine or lysine- 
a. aromatics; t, turn formiH^ or polar,- p, exclusively polar;' 
h, hydrophobic; Linker sequences between the last and first' 
cysteine residues of consecutive modules are shown. The ^Fl 
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and ^ Fl modules are separated by a 37 amino acid residue 
sequence, ^ Fl and ^ Fl are separated by 2 type 2 modules. A 
total of 15 to 17 type 3 modules plus the IIICS sequence 
separate ^Fl and ^°F1. The 93 amino acid residue sequence of 
*F1.^F1 is underlined. Filled circles underscore conserved 
regions of ^-sheet, identified from NMR structures of *F1, 
^ Fl, ^ Fl and t-PA-Fl, 

Figure 19 shows a model of the secondary structure 
of the 51 amino acid seventh type 1 module from human 
fibronectin (fibronectin module ^ Fl) (residues 434-484 of SEQ 
ID N0:1) . Shaded residue are highly conserved in aligned 
sequences or show predominantly conservative replacements. 

Figure 2 0 shows a model of the secondary structure 
of the 46 amino acid tenth type 1 module from human 
fibronectin (fibronectin module i°Fl) (residues 2141-2186 of 
SEQ ID N0:1) Shaded residue are highly conserved in aligned 
sequences or show predominantly conservative replacements. 

Figure 21 shows a model of the secondary structure 
of the 44 amino acid eleventh type 1 module from human 
fibronectin (human fibronectin module ^^Fl) (residues 2187- 
2230 of SEQ ID N0:1)- Shaded residues are highly conserved in 
aligned sequences or show predominantly conservative 

replacements . 

Figures 22A-B: ELISA: Competitive inhibition of 
fibronectin binding to fibrin by type 1 recombinant modules. 
Figure 22A is a graph showing the binding of increasing 
concentrations of fibronectin to fibrin- coated microtiter 
plates. Figure 22B is a graph showing the competition of 
binding of fibronectin to fibrin by specified recombinant type 
1 modules. 

Figures 23A-B represent the competitive inhibition 
of biotinylated fibronectin binding to fibrin. Figure 23A is 
a graph showing the direct binding of increasing 
concentrations of biotinylated fibronectin to fibrin- coated 
microtiter wells. Figure 23B shows the competitive inhibition 
of biotinylated fibronectin binding to fibrin by unlabeled 
intact fibronectin, the 25.9 kDa N- terminal proteolytic 
fragment and recombinant type 1 modules. 
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Figure 24A and B shows the binding oC -S -methionine 
labeled recombinant proteins from both the n- and C- terminal 
fabrxn binding sites of fibronectin to fibrin- sepharoseth 
represented by densitometric scanning of the autoradicgran, 
The DNA fragments encoding the N- terminal fibrin- binding site 

Fi Fi) and. a peptide that commences at the beginning of the 
tenth type 1 module and extends to the end of the fibronectin 
molecule (-Fl-end) were transfected and expressed in COS 
cells. Each Of the cell culture supernatants were subjected 
to fxbrin -SEPHAROSE- chromatography, the affinity matrices 
warmed to 22 and the recombinant proteins that remained 
bound to the fibrin-matrix elated with 0.5 M NaCl, 6 M urea 
The pooled fractions were analyzed by SDS-PAGE and 
autoradiography. Figures 24A and B are graphs showing the 
results Of the image analysis and quantitation of the optical 
densxty of the autoradiograms from 3 . s-methionine labeled 

Fl .op,.,,^, respectively. The relative amounts of 

protein represented by the radiolabel which eluted at 22 «C 
with 0.5 M NaCl. 6 M urea are displayed. 

WW 1 K /i^''^ ^ '^^^^^ pharmacokinetics of 

I labeled and purified 11 )cDa FBP which were injected into 
our rats (430-500 g, . Following injection of 49.3 ,Ci (6 9 x 
1 cpm)/0.3S ml/13.2 ,g ix kDa FBP/rat into the right femoral 
vexn^ Plasma (0.1 ml) was withdrawn at various time points and 
TCA ppt. counts Obtained with a 50 ^1 aliquot thereof 
counts were from 75-80% TCA precipitable. for each time point 
indicating that no degradation of the -^l-iikDa FBP occurred' 
m the plasma. 

Figure 26 displays the biodistribution of 
^a FBP in the organs of two rats sacrificed at 30 minutes and 
at 120 minutes, 

DBTMLElf DESCRIPTION OF THE PRBPERRBD EMBODIMEjrre 
rs.r..-^ invention is directed to fibrin-binding 

peptides (FBPsJhaving fibrin -binding activity. These FBPs 
have utility ^.methods for detecting the presence of fibrin 
xn a subject, for example, in the imaging of thrombi, 
intravascular fibrin, or atherosclerotic lesions in vivo 
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The peptides of the present invention also have utility for 
the delivery of thrombolytic or fibrinolytic agents to fibrin- 
containing sites, for example, in the treatment of vascular 
disorders or occlusions, wounds or trauma, cancer, bacterial 
5 infection, pulmonary embolisms, and thrombi. FBPs are thus 
also useful for treating clotting disorders, e.g, inter alia, 
by either preventing tPA-mediated thrombolysis or dysregulated 
f ibrinogenesis . 

Some of. the advantages of the peptides of the 

10 present invention (as therapeutic agents or as imaging or 
targeting devices) over anti- fibrin antibodies or "fibrin- 
binding peptides" of the related art, include, inter alia, 
(1) faster clearance relative to the entire h\iman protein, a 
larger fibrin- binding peptide and/or a murine, human or 

15 chimeric antibody, because of relatively much shorter length, 
thereby providing a smaller signal to noise ratio in 
diagnostic applications; (2) faster diffusion, improved 
binding because of higher affinity, and slower dissociation 
from fibrin, due to the use of a shorter but active sequence; 

20 and (3) constant and defined binding affinity for fibrin, 
whereas different antibodies vary in their affinity for 
fibrin. Furthermore, the C-terminal ^"Fl.^^Fl fibrin binding 
peptide of the present invention has superior binding affinity 
to fibrin as compared to the N- terminal *F1.^F1 fibrin binding 

25 peptide. 

Anti-FBP antibodies of the present invention are 
also useful for biological assays of fibrin binding, and as in 
vitro or in vivo reagents to detect fibronectin or fibrin to 
which FBPs are bound. Such antibodies can be employed in any 

30 other tests requiring the localization of the intact 

fibronectin molecule or a fibrin -binding portion thereof. 
Antibodies of the present invention can also be used as 
inhibitors to confirm the specificity of fibrin-binding and 
for quantitative analysis, such as in ELISA. 

35 FBPs can also be used in immunoassays, most 

preferably ELISAs, for the detection of unknown fibrin-binding 
substances. In a preferred embodiment, the unlcnown fibrin- 
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binding substance is tested for its ability to compete with 
the binding of the peptide of the present invention to fibrin. 

FIBRIN- BINDING PEPTIDES (FBP<^) . A fibrin- binding 
peptide can refer to any subset of a fibronectin molecule that 
has the capability of binding to fibrin. A peptide fragment 
according to the present invention can be prepared by 
proteolytic digestion of the intact fibronectin molecule or a 
fragment thereof, by chemical peptide synthesis methods well- 
known in the art, by recombinant DNA methods discussed in more 
detail below, and/or by any other method capable of producing 
a peptide corresponding to a fibrin- binding peptide of 
fibronectin and having the required conformation for fibrin- 
binding activity. While the repeating modules of fibronectin 
15 are remarkably similar, it has surprisingly been found that 
the N- terminal fibrin-binding region of fibronectin resides 
only in the ^Fl.^Fl module pair and the C- terminal fibrin- 
binding region of fibronectin resides only in the ^^Fl.^^Fl 
module pair. 

20 The precise beginning and ending amino acid residues 

of the smallest fragment of the ^opi.^iFi module pair relating 
fibrin binding activity has not yet been determined. The 
smallest proteolytic fragment found by the present inventors 
to include the C- terminal fibrin- binding properties of 

25 fibronectin is the 11 kDa C- terminal fragment which has been 
shown to include residues 2123-223(2 of SEQ ID N0:1. The 90 
amino acid module pair of Figs. 2(^1 consists of residues 
2141-2230 of SEQ ID N0:1. Thus, tlie 11 kDa fragment includes 
18 residues upstream of the beginning of i<>Fl. It should be 

30 noted, however, that the first fully conserved residue of the 
i^Fl module is Cys^ i * * of SEQ ID N0:1 and the last fully 
conserved residue of ^ ^ Fl is Cys^^ze ^EQ ID N0:1 (see Fig. 
18) . Thus, it is presiomed that the smallest fragment to 
retain fibrin-binding activity is residues 2144-2226 of SEQ ID 

35 NO:i. These numbers correspond to the sequence as set forth 
in SEQ ID N0:1, which is a Fn monomer that does not contain 
extra domains due to mRNA splicing- It should be understood 
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that the corresponding numbers will be shifted if such extra 
domains are present. 

It can readily be determined without undue 
experimentation if one or more residues may be removed from 
either end of the 11 kDa fragment and still allow the module 
pair to retain its fibrin-binding activity. The 11 kDa 
fragment may be cloned and expressed by the techniques 
disclosed herein. The consecutive removal of the nucleotides 
coding for the N- terminal or C- terminal amino acid of the 11 
kDa fragment can be accomplished by means well known in the 
art and the resulting fragment* tested for fibrin binding 
activity. Alternatively, the entire 11 kDa fragment can be 
chemically or recombinantly synthesized in variations with one 
each fewer terminal residues in order to test for fibrin- 
binding activity. In this way the smallest portion of the 
lopi iipx module pair which retains fibrin- binding activity 
may be found. 

Thus, for the purpose of the present invention, the 
term "^"Fl.^^Fl module pair", as used in the present 
specification and claims, is intended to include a portion of 
fibronectin which is no larger than the 11 kDa proteolytic 
fragment (residues 2123-2232 of SEQ ID N0:1) or any fragment 
thereof . which retains fibrin-binding activity. 

In a preferred embodiment, the peptide of the 
present invention has the sequence of the 11 kDa proteolytic 
fragment (residues 2123-2232 of SEQ ID N0:1). In another 
preferred embodiment, the peptide of the present invention has 
the sequence of residues 2141-2230 of SEQ ID N0:1. In a 
further preferred embodiment, the peptide has the sequence of 
residues 2144-2226 of SEQ ID N0:1. 

A fibrin -binding peptide (FBP) of the present 
invention also includes a variant wherein at least one amino 
acid residue in the polypeptide has been conservatively 
replaced by a different amino acid. An amino acid or nucleic 
acid sequence of a fibrin-binding polypeptide of the present 
invention is said to "essentially correspond" to another amino 
acid or nucleic acid sequence respectively, if the sequence of 
amino acids or nucleic acid in both molecules provides 
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polypepcides having biological activity that is essentially 
similar, qualitatively or quantitatively, to the corresponding 
fragment of at least one fibrin -binding functional domain. 
Such "essentially corresponding" fibrin-binding sequences 
include conservative amino acid or nucleotide substitutions, 
or degenerate nucleotide codon substitutions wherein 
individual amino acid or nucleotide substitutions are well 
known in the art. 

Accordingly, fibrin- binding polypeptides of the 
present invention, or nucleic acid encoding therefor, include 
a finite set of essentially corresponding sequences as 
substitution peptides or polynucleotides which can be 
routinely obtained by one of ordinary skill in the art, 
without undue experimentation, based on the teachings and 
guidance presented herein. For a detailed description of 
protein chemistry and structure, see Schulz, G.E., et 
al., Prijiciples of Protein Structure, Springer- Verlag, New 
York, 1978, and Creighton, T.E., Proteins; Structure and 
Molecular Properties, W.H. Freeman & Co., San Francisco, 
1983, which are hereby incorporated by reference. For a 
presentation of nucleotide sequence substitutions, such as 
codon preferences, see Ausubel et al. eds. Current Protocols 
la Molecular Biology, Greene Publishing Assoc., N.Y., N.Y, 
(1987, 1988. 1989. 1990, 1991. 1992. 1993. 1994) at'§§ A.l.l- 
A.1.24, and Sambrook et al., Wolecular Cloning: A Laboratory 
Manual. Second Edition. Cold Spring Harbor Press, Cold Spring 
Harbor, NY (1989). at Appendices C and D. 

Thus, one of ordinary skill in the art. given the 
teachings and guidance presented in the present specification, 
will know how to substitute other amino acid residues in other 
positions of the fibrin- binding sequence to obtain a fibrin- 
binding peptide. 

AMINO ACID SUBSTmjTIQNS- OP m i ^tiVE FTBPTN- BTMniMr. 
REgiQNS FOR A FIBRIN- BiNDlNa Pr >LYPBPTTnp Conservative 
substitutions of a fibrin -binding polypeptide of the present 
invention include variants wherein at least one amino acid 
residue in the polypeptide has been conservatively replaced by 
a different amino acid. 
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Such substitutions preferably are made in accordance 
with the following list as presented in Table I, which 
substitutions can be determined by routine experimentation to 
provide modified structural and functional properties of a 
synthesized or recombinant polypeptide molecule, while 
maintaining FBP binding biological activity, as determined by 
known FBP activity assays. In the context of the present 
invention, the term "essentially corresponding to" includes 
such substitutions, 

TABLE I (A) 



Original 


Exemplary 


Residue 


Substitution 


Ala 


Gly; Ser 


Arg 


Lys 


Asn 


Gin; His 


Asp 


Glu 


Cys 


Ser 


Gin 


Asn 


Glu 


Asp 


Gly 


Ala; Pro 


His 


Asn; Gin 


He 


Leu; Val 


Leu 


He; Val 


Lys 


Arg; Gin; Glu 


Met 


Leu; Tyr; He 


Phe 


Met; Leu; Tyr 


Ser 


Thr 


Thr 


Ser 


Trp 


Tyr 


Tyr 


Trp ; Phe 


Val 


He; Leu 



Non- limiting examples of specific substitutions of 
FBPs of the present invention can include the following. 



Gly- FBP ESSENTIALLY CORRESPONDING TO ^OFl.^^Fl MODULE PAIR OF 
FIBRONECTIN (2141-2230 OF SEQ ID N0:1) 

Asp-Asp-Ser-Cys-Phe-Asp-Pro-Tyr-Thr-Val-Ser-His-Tyr-Ala-Val- 
Glu Glu Thr Met Glu Trp Ser He Thr Asn Trp Gly He 

Leu Phe Leu Gin Phe Ser Leu 

Tyr 
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Gly-Asp-Glu-Trp-Glu-Arg-Met-Ser-Glu-Ser-Gly-Phe-Lys -Leu-Leu- 
Ala Glu Asp Tyr Asp Lys Leu Thr Asp Thr Ala Met Arg He He 

Tyr Pro Leu Gin Val Val 

He Tyr Glu 

Cys-Gln-Cys-Leu-Gly-Phe-Gly-Ser-Gly-His-Phe-Arg-Cys-Asp-Ser- 
5 Asn He Ala Met Ala Thr Ala Asn Met Lys Glu Thr 

Val Pro Leu Pro Pro Gin Leu 
Tyr Tyr 

Ser-Arg-Trp-Cys-His-Asp-Asn-Gly-Val-Asn-Tyr-Lys-Ile-Gly-Glu- 
Thr Lys Tyr Asn Glu Gin Ala He Gin Trp Arg Leu Ala Asp 

Gin His Pro Leu His Phe Gin Val Pro 
10 Glu 

Lys-Trp-Asp-Arg-Gln-Gly-Glu-Asn-Gly-Gln-Met-Met-Ser-Cys-Thr- 
Arg Tyr Glu Lys Asn Ala Asp Gin Ala Asn Leu Leu Thr Ser 
Gin Pro His Tvr Tvr 

lie lie 

Cys-Leu-Gly-Asn-Gly-Lys-Gly-Glu-Phe-Lys-Cys-Asp-Pro-His-Glu 
15 He Ala Gin Arg Ala Asp Met Arg Glu Asn Asp 

Val His Ala Gin Leu Gin Gin 

Glu Tyr Glu 

Accordingly, based on the above example of specific 
substitutions, alternative substitutions can be made by 
routine experimentation, to provide alternative FBPs of the 
present invention, e.g., by making one or more conservative 
substitutions. Preferably, even such conservative 
substitutions should be in the norif conserved portions of the 
modules;,, as shown in Fig. 18. Thus, a residue or residue type 
which is conserved in all Fl modules should not be changed 
from the conserved residue or residue type. It would be 
expected that any such substitutions would retain fibrin- 
binding activity, which activity can be checked with routine 
experimentation, as will be described below. 

Alternatively, another group of substitutions of 
FBPs of the present invention are those in which at least one 
amino acid residue in the protein molecule has been removed 
and a different residue inserted in its place according to the 
following Table II. The types of substitutions which can be 
made in the protein or peptide molecule of the present 
invention can be based on analysis of the frequencies of amino 
acid changes between a homologous protein of different 
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species. Based on such an analysis, alternative conservative 
substitutions are defined herein as exchanges within one of 
the following five groups: 



TABLE II 



1 Small aliphatic, nonpolar or slightly polar 
residues: Ala, Ser, Thr (Pro, Gly) ; 

2. Polar, negatively charged residues and their 
amides: Asp, Asn, Glu, Gin; 

;. 3 . Polar , ,. positively . charged residues : 
" ' His/ Arg, Lys;, ■'■ '. 

4. Large aliphatic, nonpolar residues: 
' - ' Met , ' Leu, ■■ He ' Val ■ (Cys) ; ■ and • 

. 5.. Large arom^.tic residue's: Phe, Tyr, Trp. 

The three amino. acid, residues in .parentheses above 
have special roles in protein architecture. Gly is the only 
residue Is-V-.ing any side chain and thus imparts flexibility to 
the chain. This, however, tends to promote the formation of 
secondary structure other than a- helical. Pro, because of its 
unusual geometry, tightly constrains the chain. It generally 
tends to promote fi- turn- like structures. In some cases Cys 
can be capable of participating in disulfide bond formation 
which is important in protein folding. Note that Schulz et 
al. would merge Groups 1 and 2 above. Note also that Tyr, 
because of its hydrogen bonding potential, has significant 
kinship with Ser, and Thr, etc. Knowledge of the secondary 
structure (Figs. 20 and 21) and of the tertiary structure 
(Fig. 17) will assist those of ordinary "skill in the art in 
determining which such substitutions would not be expected to 
affect the binding capability of the peptide. Again, however, 
changes from the conserved residues or residue types noted in 
Fig. 18 should be avoided. 

Conservative amino acid substitutions, included in 
the term "essentially corresponding", according to the present 
invention, e.g.. as presented above, are well known in the art 
and would be expected to maintain the binding properties of 
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the polypeptide after amino acid substitution. Most deletions 
and insertions, and substitutions according to the present 
invention are those which do not produce radical changes in 
the characteristics of the protein or peptide molecule. 
"Characteristics" is defined in a non- inclusive manner to 
define both changes in secondary structure, e.g., a-helix or 
S-sheet. as well as changes in physiological activity, e.g., 
in receptor binding assays. 

However, when the exact effect of the substitution 
deletion, or insertion- is to be confirmed, one skilled in the 
art will appreciate that the effect of the substitution or 
substitutions will be evaluated by routine screening assays 
such as protein blotting, driver protein blotting, 
immunoassays, bioassays, etc., to confirm biological activity 
such as, but not limited to, fibrin binding. 

The present invention is directed not only to 
fibrin-binding peptides having a sequence corresponding or 
essentially corresponding to that of the fibrin -binding 
domains of fibrdhectin, but also to functional derivatives 
thereof. 

By "functional derivative" is meant a derivative 
which retains at least a portion of the fibrin-binding 
function of the peptide which permits its utility in 
accordance with the present invention. 

A "functional derivative" of the fibrin -binding 
peptide may contain additional chemical moieti^es not normally 
a part of the peptide. Covalent and/or non-covalent 
modifications of the chemical derivativitized peptide are also 
included within the scope of this invention. Such 
modifications can be introduced into the molecule by reacting 
targeted amino acid residues of the peptide with an organic 
derivatizing agent that is capable of reacting with selected 
side chains of the residues or terminal amino groups. 

Covalent modifications of the fibrin-binding peptide 
of the present invention are included within the scope of the 
functional derivatives which are part of the present 
invention. Such modifications can be introduced into the 
molecule by reacting targeted amino acid residues of the FBP 
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with an organic derivatizing agent that is capable of reacting 
with selected side chains or N- terminal residues of the FBP. 
The resulting covalent derivatives are useful in programs 
directed at identifying residues important for biological 
activity- The specific reactions and techniques described 
below are not intended to be limiting, but exemplify well- 
)cnown means for chemically modifying peptides. 

Derivatization with bifunctional agents is useful 
for crosslinking the fibrin-binding peptide to a water- 
insoluble support matrix or surface, or to reactive water- 
insoluble matrices such as cyanogen bromide-activated 
carbohydrates, dextrans and/or their reactive substrates, 
e.g., described in U.S. Patent Nos. 3,969,287; 3,691,016; 
4,195,128; 4,247,642; 4,229,537; and 4,330,440 and employed 
for protein immobilization. 

Amino acid sequence insertions include amino and/or 
carboxyl - terminal fusions of from one residue to polypeptides 
of essentially unrestricted length. An example of a terminal 
insertion includes a fusion of a signal sequence, whether 
heterologous or homologous to the host cell, to the N- terminus 
of the fibrin-binding peptide to facilitate secretion from 
recombinant hosts . 

Most deletions and insertions, and sxibsti tut ions of 
FBPs according to the present invention are those which 
maintain or improve the fibrin-binding characteristics of the 
peptide molecule. However, when it is difficult to predict 
the exact effect of the substitution, deletion, or insertion 
in advance of doing so, one skilled in the art will appreciate 
that the effect will be evaluated by routine screening assays. 
For example, a variant made by site- specif ic mutagenesis of 
the peptide molecule -encoding nucleic acid and expression of 
the variant FBP in cell culture or, alternatively, by chemical 
synthesis, can be tested for binding by affinity 
chromatography using a f ibrin-SEPHAROSE^ " column (e.g., as 
described herein) . The activity of the cell lysate or 
purified peptide variant can be screened in a suitable 
screening assay for the desired characteristic, for example 
fibrin binding in any of the several binding assays disclosed 
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herein, e,g., protein blotting, affinity chromatography, 
ELISA, RIA, preformed or forming fibrin clot assay, or any 
other assay developed to test fibrin -binding capability (in 
vitro and in vivo) . 

Modifications of peptide properties, such as redox 
or thermal stability, hydrophobicity, susceptibility to 
proteolytic degradation or the tendency to aggregate with 
carriers or into mul timers, are assayed by methods well known 
to the ordinarily skilled artisan. 

Also included in the scope of the invention are 
salts of the fibrin-binding peptides of the invention. As 
used herein, the term "salts" refers to both salts of carboxyl 
groups and acid addition salts of amino groups of the protein 
or peptide molecule. 

Amino acid sequence variants of the fibrin-binding 
peptide can also be prepared by mutations in the DNA. Such 
variants include, for example, deletions from, or insertions 
or substitutions of, residues within the amino acid sequence. 
Any combination of deletion, insertion, and substitution can 
also be made to arrive at expressing and producing the final 
peptide construct, provided that the final peptide construct 
possesses some fibrin-binding activity. Preferably improved 
fibrin-binding activity is found over that of the non-variant 
peptide. Obviously, the mutations that will be made in the 
DNA encoding the variant must not place the sequence out of 
reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure (see, 
e.g., EP Patent Application Publication No. 75,444, 
Ausubel, supra; Sambrook, supra. 

At the genetic level, these variants ordinarily arfe 
prepared by site-directed mutagenesis of nucleotides in the 
DNA encoding the fibrin-binding peptide, thereby producing DNA 
encoding the variant, and thereafter synthesizing the DNA and 
expressing the protein in recombinant cell culture. The 
variants typically exhibit the same qualitative biological 
activity as the naturally occurring analogue, Ausubel, supra ; 
Sambrook , supra • 
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The present invention also comprehends dimers of the 
10 PI 11 PI module pair of the present invention, or oligomers 
or polymers thereof. Thus, molecules having two or more of 
the fibrin- binding peptides of the present invention may show 
enhanced fibrin binding. The present invention" also 
comprehends molecules in which the ^°F1,^^F1 module pair of 
the present invention is linked, either directly or by means 
of a spacer, to the *F1,*F1 module pair binding domain of 
fibronectin (see Rostagno et al- (1994), supra, and William 
et al. (1994), supra). The spacer is preferably other than a 
naturally occuring portion of fibronectin. 

DETERMINATION OF FBP STRUCTURAL AND PHYSICAL 
CHARACTERISTICS . The present inventors have discovered that 
the ^^Fl.^^Fl module pair of fibronectin prepared either by 
proteolytic cleavage of fibronectin or by genetic engineering 
(e.g., as described herein), possesses substantial affinity 
for binding to fibrin, such affinity being equal to or greater 
than that of any previously known fibrin- binding peptide 
derived from, or corresponding to, fibronectin. This 
increased affinity is a key advantage and is of particular 
importance to the variety of uses included in the present 
invention. It is noteworthy that peptides of the present 
invention have higher affinity for fibrin than do high- 
affinity plasminogen activator preparations (Husain, S.S-, et . 
al., Proc. Natl. Acad. Sci. USA 78:42S5-4269 (1981)). This 
can be seen from the fact that the tPA preparation of Husain 
et al. were eluted from solid phase fibrin with 0.2 mM 
arginine, whereas 1.0 M arginine was required to only 
partially (25%) elute the 11 kDa peptide of the present 
invention from such a matrix, indicating significantly higher 
affinity for fibrin. The requirement for denaturing 
conditions (e.g., urea) for disruption of the binding between 
the peptide of the present invention and fibrin suggests that 
the interaction is hydrophobic. A fibrin- binding peptide 
having such high affinity is most particularly advantageous 
due to its rapid association with fibrin and lower likelihood 
of dissociation, which, in vivo, translates into more rapid 
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delivfery, longer half-life, and lower signal to noise 
background . 

Knowledge of the three-dimensional structures of 
proteins is crucial in understanding how they function. The 
three-dimensional structures of more than 400 proteins are 
currently available in the protein structure database (in 
contrast to around 200.000 known protein and peptide sequences 
in sequence databases, e.g., Genbank, Chemical Abstracts, 
etc.). Analysis of these structures shows that they fall into 
recognizable classes or motifs. It is possible to model the 
three-dimensional structure of protein based on homology to a 
related protein of known structure. Examples are known where 
two proteins that have relatively low sequence homology are 
found to have almost^ identical three dimensional structure. 

Database analysis has revealed that a particular 
class of proteins, termed "modular" or "mosaic" proteins' 
(Doolittle, Trends Biochem. Sci. 10:233-237 (1985). 
Pathy, cell 41:657-663 (1985)). consist of a number of 
different types of repeated sequences represented by different 
Shaped boxes (Figure 2; Baron. M. et al. Trends Biochem 
Scl. 16:13-17 1991). These sequence repeats are generally 
between 30 and 100 amino acids long and can be divided into 
different classes. Members of the same class of repeat have 
almost certainly evolved from a common ancestral gene 
sequence. The sequences of all the members of a particular 
class are not identical but are related in that certain key 
residues are conserved. These key residues are known as the 
"consensus secjuence". 

Both fibronectin and tPA are modular proteins 
composed of several such consensus sequences. Fibronectin 
consists largely of three types of modules (Fi, F2 and F3 in 
Figure 2). The diverse biological roles of fibronectin are 
attributable to the structural features of these modules (see 
for review, Ruoslahti. supra ; Hynes et al., supra ). One of' 
these modules, called the type i repeat module of Fi has a 
specific placement of cysteine residues, that, upon disulfide 
bond formation, results in "finger-like" domains. 
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There are 12 copies of the type l module (Fl) in 
fibronectin. This module also appears in tPA and has fibrin- 
binding activity (Pennica et al . , Nature 301:214-221 (1983j; 
Bennet et al . , J. Biol, Chem, 266:5191-5201 (1991)) and in the 
blood clotting protein, factor XII (McMullen, et al . , J. Biol. 
Chem. 260:5328-5341 (1985) ) • These type 1 modules do not have 
identical sequences but are characterized by a "consensus 
sequence" or hydrophobic core consisting of a small number of 
highly conserved residues. These residues include four 
invariant cysteines, some highly conserved hydrophobic 
residues; tyrosines, valines, arginines, tryptophans, 
leucines, isoleucines phenylalanines, alanines, glycines and a 
lysine or arginine residue (Figure 18) . All of the type 1 
sequences contain the majority of the "consensus sequence" or 
hydrophobic core sequence and thus can have similar three 
dimensional shapes (see Williams et al . , Biochemistry 32:7388- 
7395 (1993) and Williams et al . , J. Mol . Biol. 235:1302-11 
(1994)). The present invention includes fibrin-binding 
peptides from type 1 repeat modules, such as the lOth or 11th 
type repeat of fibronectin, preferably the ^^Fl.^^Fl module 
pair. 

In recent years it has become possible to determine 
the structures of proteins of limited molecular weights by 
nuclear magnetic resonance (NMR) , The technique only requires 
a concentrated solution of pure protein. No crystals or 
isomorphous derivatives are needed. The structures of a 
number proteins have been determined in the present inventors • 
laboratory by this method. The details of NMR structure 
determination are well-known in the art (Wuthrich, NMR of 
Proteins and Nucleic Acids, Wiley, New York, 1986; 
Wuthrich, K. Science 243:45-50 (1989); Clore et al . , Crit. 
Rev. Bioch. Molec. Biol. 24:479-564 (1989); Cooke et al . , 

Bioassays 8:52-56 (1988), which references are hereby 
incorporated by reference) . 

In applying this approach, a variety of NMR 2D 
data sets are collected. These are of two main types: COSY 

(Correlated Spectroscopy) identifies proton resonances that 
are linked by chemical bonds. These spectra provide 
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information on protons that are linked by three or less 
covalent bonds. NOESY {nuclear Overhauser enhancement 
spectroscopy) identifies protons which are close in space 
(less than 0.5 nm) . Following assignment of the complete spin 
5 system, the secondary structure is defined by NOESY. Cross 
peaks (nuclear Overhauser effects or NOE's) are found between 
residues that are adjacent in the primary sequence of the 
peptide and can be seen for protons less than O.Snm apart. 
The data gathered from sequential NOE's combined with amide 
10 proton coupling constants and NOE's from non-adjacent amino 

acids, that are adjacent to the secondary structure, are used 
to characterize the secondary structure of the polypeptides. 
Aside from predicting secondary structure, NOE's indicate the 
distance that protons are in space in both the primary ■ amino 
15 acid sequence and the secondary structures. Tertiary 

structure predictions are determined, after all the data are 
considered, by a "best fit" extrapolation. 

Types of amino acids are first identified using 
through-bond connectivities. The second step is to assign 
20 specific amino acids using through -space connectivities to 
neighboring residues, together with the known amino acid 
sequence. Structural information is then tabulated and is of 
three main kinds: The NOE identifies pairs of protons which 
are close in space, coupling constants give information on 
25 dihedral angles and slowly exchanging amide protons give 

information on the position of hydrogen bonds. The restraints 
are used to compute the structure using a distance geometry 
type of calculation followed by refinement using restrained 
molecular dynamics. The output of these computer programs is. 
a family of structures which are compatible with the 
experimental data (i.e. the set of pairwise <0.5nm distance 
restraints) . The better that the structure is defined by the 
data, the better the family of structures can be superimposed, 
i.e., the better the resolution of the structure. In the 
35 better defined structures using NMR, the position of much of 
the backbone (i.e. the amide, aC and carbonyl atoms), and the 
side chains of those amino acids that lie buried in the core 
of the molecule, can be defined as clearly as in structures 
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obtained by crystallography. The side chains of amino acid 
residues exposed on the surface are frequently less well 
defined, however. This probably reflects the fact that these 
surface residues are more mobile and can have no fixed 
5 position. (In a crystal structure this might be seen as 
diffuse electron density) . 

Thus, according to the present invention, use of NMR 
spectroscopic data is combined with computer modeling to 
arrive at a structural understanding of the topography of 
10 fibrin- binding peptides derived from or corresponding to a 

fibronectin domain. Using this information, one of ordinary 
skill in the art will know how to achieve rational -based amino 
acid substitutions (e.g., as presented herein) allowing the 
production of peptides in which the fibrin -binding affinity is 
■ 15 modulated (e.g., increased or decreased) or has greater 
specificity in accordance with the requirements of the 
expected therapeutic or diagnostic use of the molecule, 
preferably, the achievement of greater specificity in fibrin 
binding . 

20 FBP PRODUCTION . Once fibrin-binding peptide 

structure or characteristics have been determined using the 
above analysis, FBPs can be recombinantly or synthetically 
produced, or optionally purified, to provide commercially 
useful amounts of FBPs for use in therapeutic, diagnostic or 

25 research applications, according to known method steps, see, 
e.g., Ausubel et al., eds., Current Protocols in Molecular. 
Biology, Wiley Interscience, N.Y. , (1987, 1992, 1993, 1994); 
and Sambrook et al.. Molecular Cloning, A Laboratory Manual, 
2nd edition, Vols. 1-3, Cold Spring Harbor Press, (1989), 

30 which references are herein entirely incorporated by 
reference. 

RECOMBINANT CLONING AND/OR PRODUCTION OF FBPs . 
Known method steps for synthesizing oligonucleotide probes 
useful for cloning and expressing DNA encoding a fibrin- 
35 binding peptide of the present invention, based on the 

teaching and guidance presented herein, are disclosed by, for 
example, Ausubel, supra , Sambrook, supra, and Wu, R. , et 
al., Prog, Nucl. Acid. Res. Molec. Biol. 21:101-141 (1978)), 
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which references are entirely incorporated herein by 
reference. 

The complete nucleotide sequence of the DNA encoding 
human fibronectin (SEQ ID NO: 6) is known (Dufour et al., Exp. 
5 Cell. Res. 193:331-338 (1991); Komblihtt et al . , EMBO J. 
4:1755-1759 (1985); Kornblihtt et al . , Nucleic Acids Res. 
12:5853-5868 (1984); Komblihtt et al., PNAS 80:3218-3222 
(1983); and Kornblihtt et al, EMBO J. 3:221-226 (1984)). 
Thus, the domains of the fibronectin gene which are desired to 

10 be expressed may readily be obtained by means of the 

polymerase chain reaction (PGR) using a cloned fibronectin 
gene template in the manner shown in Fig: 12. A'S the DNA 
sequence for the entire fibronectin gene is known, the 
oligonucleotide primers for the desired domain to be expressed 

15 can be identified and synthetically prepared. DNA synthesis 
can be achieved through the use of automated synthesizers. 
Techniques of nucleic acid hybridization are disclosed by 
Sambroolc et al. (supra), and by Haymes et al . (In: Nucleic 
Acid Hybridization, A Practical Approach, IRL Press, 

20 Washington, DC (1985) ), which references are herein 
incorporated by reference. 

Once the desired insert is obtained, it may be 
inserted into an appropriate expression vector. An 
"expression vector" is a vector which (due to the presence of 

25 appropriate transcriptional and/or translational control 

sequences) is capable of expressing a DNA (or cDNA) molecule 
which has been cloned into the vector and thereby being 
capable of producing a polypeptide or protein. Expression of 
the cloned sequences occurs when the expression vector is 

30 introduced into an appropriate host cell. If a prokairyotic 

expression vector is employed, then the appropriate host cell 
would be any prokaryotic cell capable of expressing the cloned 
sequences. Similarly, if a eukaryotic expression vector is 
employed, then the appropriate host cell would be any 

35 eukaryotic cell capable of expressing the cloned sequences. 
Importantly, since eukaryotic DNA can contain intervening 
sequences, and since such sequences cannot be correctly 
processed in prokaryotic cells, it is preferable to isolate 
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cDNA from a cell which is capatble of expressing fibronectin in 
order to produce a cDNA prokaryotic expression vector library. 
Alternatively, if the protein is not in its appropriate 
natural conformation, it will preferaJDly be expressed in a 
eukaryotic expression system. Procedures for preparing cDNA 
67d for producing a cDNA library are disclosed by SambrooJc et 
al. (supra) . 

Preferred expression vectors, according to the 
present invention, are yeast expression vectors such as pMBSO 
or pMA91, described in the Examples below. 

A DNA sequence encoding a fibrin- binding peptide of 
the present invention, or its functional derivatives, can be 
recombined with vector DNA in accordance with conventional 
techniques, including blunt -ended or staggered- ended termini 
for ligation, restriction enzyme digestion to provide 
appropriate termini, filling in of cohesive ends as 
appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, ligation with appropriate ligases, or the 
synthesis of fragments by the polymerase chain reaction (PCR) . 
Techniques for such manipulations are disclosed by Sambrook et 
al., supra, and are well known in the art. 

The "polymerase chain reaction or "PCR" is an in 
vitro enzymatic method capable of specifically increasing the 
concentration of a desired nucleic acid molecule (reviewed in: 
Mullis, Cold Spring- Harbor Syxttp. Quant. Biol. 51:263-273 
(1986); Saiki et al., Bio/Technology 3 : 1008- 1012 (1985); and 
Nfullis, K.B. et al . , Afeth. Enzymol . 155:335-350 (1987); see, 
also, Erlich, H. et al . , EP 50,424; EP 84,796, EP 258,017, EP 
237,362; Mullis EP 201,184; Mullis et al . , US 4,683,202; 
Erlich, US 4,582,788; and Saiki et al . , US 4,683,194), 

A nucleic acid molecule, such as DNA, is said to be 
"capable of expressing" a polypeptide if it contains 
nucleotide sequences which contain signals for transcriptional 
and translational initiation, and such sequences are "operably 
linked" to nucleotide sequences which encode the polypeptide. 

Two DNA sequences (such as a promoter sequence and a 
fibrin-binding peptide- encoding sequence) are said to be 
opersLbly linked if the nature of the linkage between the two 
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DNA sequences does not (1) result in the introduction of a 
frame-shift mutation, (2) interfere with the ability of the 
promoter region sequence to direct the transcription of the 
peptide-encoding DNA sequence, or (3) interfere with the 
ability of the peptide-encoding sequence to be transcribed by 
the promoter region sequence. A promoter region would be 
operably linked to a DNA sequence if the promoter were capable 
of effecting transcription of that DNA sequence. Thus to 
express the protein, transcriptional and translational ' signals 
recognized by an appropriate host are necessary, m order to 
be "operably linked" it is not necessary that two sequences be 
immediately adjacent to one another. 

The promoter sequences of the present invention can 
be either prokaryotic, eukaryotic or viral, depending upon the 
expression system selected. Suitable promoters are 
repressible, or, more preferably, constitutive, and/or as 
known in the art. See, e.g. Sambrock, supra; 
Ausxibel, supra.. 

Preparation of a fibrin-binding peptide having 
sequences which vary from, but essentially correspond to 
portions of native fibronectin, is preferably achieved by 
site-specific mutagenesis of DNA that encodes an earlier 
prepared variant, or a nonvariant version, of the peptide 
Site-specific mutagenesis allows the production of peptide 
variants through the use of specific oligonucleotide sequences 
that encode the DNA sequence of the desired mutation, as well 
as a sufficient number of adjacent nucleotides, to provide a 
primer sequence of sufficient size and sequence complexity to 
form a stable duplex on both sides of the deletion junction 
being traversed. Typically, a primer of about 20 to 25 
nucleotides in length is preferred, with about 5 to lo 
residues on either side of the sequence being altered, m 
general, the technique of site-specific mutagenesis is well 
known in the art, as exemplified by publications such as • 
Ausubel, supra . and Adelman et al., DNA 2:183 (1983) the 
disclosure of the above references are incorporated her^^in bv 
reference. 
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As will be appreciated, the site- specif ic 
mutagenesis technique typically employs a phage vector that 
exists in both a single- stranded and double- stranded form. 
Typical vectors useful in site-directed mutagenesis include 
vectors such as the M13 bacteriophage, for example, as 
disclosed by Messing et al.. Third Cleveland Symposium on 
Macromolecules and Recombinant DNA, Editor A. Walton, 
Elsevier, Amsterdam (1981); Ausubel, supra; and Sambrook, 
supra , the disclosures- of which are entirely incorporated 
herein by reference. These phages are commercially available 
and their use is generally well known to those skilled in the 
related arts. Alternatively, plasmid vectors that contain a 
single- stranded phage origin of replication (Veira et 
al., Meth. Enzymol. 153:3 (1987)) can be employed to obtain 
single- stranded DNA. 

In general, site-directed mutagenesis in accordance 
herewith is performed by first obtaining a single- stranded 
vector that includes within its sequence a DNA sequence that 
encodes the relevan': procein. An oligonucleotide primer 
bearing the desired mutated sequence is prepared, generally 
synthetically, for example, by the method of Crea et 
al., Proc. ^atl, Acad. Sci. USA 75:57S5 (1978); 
Ausubel, supra; and Sambrook, supra. This primer is then 
annealed with the single -stranded protein- sequence- vector 
carrying the protein- encoding DNA sequence, and then subjected 
to DNA- polymerizing enzymes such as E. coli polymerase I 
Klenow fragment, to complete the synthesis of the mutation- 
bearing strand. Thus, the protein- encoding sequence is 
mutated and the second strand now bears -the desired mutation. 
This heteroduplex vector is then used to transform appropriate 
cells such as E. coli JMlOl cells and transf ormants are 
selected or screened for the presence of recombinant vectors 
bearing the mutated sequence arrangement. 

After such a clone is isolated, the DNA sequence 
encoding the mutated protein region can be removed and placed 
in an appropriate vector for protein production, generally an 
expression vector of the type that can be employed for 
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transformation of an appropriate host, e.g., bacteria, yeast, 
insect or mammalian host cell. 

Qfig/tfTIC SYyTHPST.q OF FRPs. As an alternative co 
recombinant DNA production, the peptides of the present 
invention, or fragments, variants or analogues thereof, can be 
produced by chemical synthesis. Chemical peptide synthesis is 
a rapidly evolving area in the art. and methods of solid phase 
peptide synthesis are well -described in the following 
references, hereby incorporated by reference: Merrifield. J. 
Amer. Chem. Soc. 85 :2149-2154 (1963) Merrifield, B. , Science 
232:341-347 (1986); Wade et al . , Siopolymers 25: S21- S3 7 
(1986); Fields, G.B,, Int. J. Peptide Prot. Res. 35:161 
(1990) . 

A fibrin- binding peptide can be synthesized as a 
single chain using the above methods, or can be synthesized in 
the form of several shorter fragments which themselves lack 
activity but which can be linked together to form the fibrin- 
binding peptide. 

In general, as is )cnown in the art. such methods 
involve blocking or protecting reactive functional groups, 
such as free amino, carboxyl and thiol groups. After 
polypeptide bond formation, the protective groups are removed 
(or de-protected) . Thus, the addition of each amino acid 
residue requires several reaction steps for protecting and 
deprotecting. Current methods utilize solid phase synthesis, 
wherein the C- terminal amino acid is covalently linked to an' 
insoluble resin particle large enough to be separated from the 
fluid phase by filtration. Thus, reactants are removed by 
washing the resin particles with appropriate solvents using an 
automated programmable machine. The completed polypeptide ' 
chain is cleaved from the resin by a reaction which does not 
affect peptide bonds. 

In the more classical method, known as the "tBoc 
method. - the amino group of the amino acid being added to the 
resin-bound C- terminal amino acid is blocked with tert- 
butyloxycarbonyl chloride (tBoc) . This protected amino acid 
is reacted with the bound amino acid in the presence of the 
condensing agent dicyclohexylcarbodiimide, allowing its 
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carboxyl group to form a peptide bond with the free amino 
group of the bound amino acid. The amino -blocking group is 
then removed by acidification with trif luoroacetic acid (TFA) ; 
with the removed blocking group subsequently decomposing into 
gaseous carbon dioxide and isobutylene. These steps are 
repeated cyclically for each additional amino acid residue. A 
more vigorous treatment with hydrogen fluoride (HF) or 
trif luoromethanesulfonyl derivatives is common at the end of 
the synthesis to cleave the benzyl -derived side chain 
protecting groups and the peptide -resin bond. 

More recently, the preferred "Fmoc" technique has 
been introduced as an alternative synthetic approach, offering 
milder reaction conditions, simpler activation procedures and 
compatibility with continuous flow techniques. This method 
was used, e.g., to prepare the peptide sequences disclosed in 
the present application. Here, the a- amino group is protected 
by the base labile 9 - f lucrenylmethox^/carbonyl (Fmoc) group. 
The benzyl side chain protecting groups are replaced by the 
more acid labile t -butyl derivatives. Repetitive acid 
treatments are replaced by deprotection with mild base 
solutions, e.g., 20% piperidine in dime thy Iformamide (DMF) , 
and the final HF cleavage treatment is eliminated. A TFA 
solution is used instead to cleave side chain protecting 
groups and the polypeptide resin linkage simultaneously. At 
least three different polypeptide- resin linkage agents can be 
used: substituted benzyl alcohol derivatives that can be 
cleaved with 95% TFA to produce a polypeptide acid, methanolic 
ammonia to produce a polypeptide amide, or 1% TFA to produce a 
protected polypeptide which can then be used in fragment 
condensation procedures, as described by Atherton, E. et 
al., J. Chem. Soc. Perkin Trams. 1:538-546 (1981) and 
Sheppard, R.C. et al . , Int. J. Polypeptide Prot. Res. 20:451- 
454 (1982) . Furthermore, highly reactive Fmoc amino acids are 
available as pentaf luorophenyl esters or dihydro- 
oxobenzotriazine esters derivatives, saving the step of 
activation used in the tBoc method. 

FIBRIN ACTIVITY SCREENING ASSAYS . The fibrin - 
binding activity of a given lot of FBP or anti- f ibronectin or 
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anti -peptide antibody (as described below), can be determined 
according to well known method steps. Those skilled in the 
art will be able to determine operative and optimal assay 
conditions for each determination by employing routine 
experimentation. 

Several assays are particularly useful for detecting 
the binding, to fibrin of the fibrin -binding peptide of the 
present invention: (1) by the ability to bind to fibrin 
coated surfaces, using an ELISA assay developed by the present 
inventors or by a similar RIA; (2) by ligand affinity 
chromatography on fibrin- SEPHAROSE^m ; and (3) in an in 
vitro fibrin clot binding assay (Thorsen et al . , Thrombos 
Diathes. Haemorrh., 28:65-74 (1972)), (4) protein blotting 
reaction, as well as other clot assays. 

For the fibrin-binding ELISA, microplates are coated 
with fibrin using known methods (Christman et al . . Biochim 
Biophys. Acta., 340:339-347 (1974); Unkeless et al . , j. Biol 
Chem., 249:4295-4305 (1974)). In a preferred embodiment, 
microtiter (e.g.. IMMULON-2) plates are coated with fibrinogen 
at a concentration of 50-1000 ng/well/o.i ml of Tris buffered 
saline (TBS) . The plates are allowed to dry for 24 hours at 
370c and 0.1 ml of thrombin (20 NIH units/100 ml) containing 
TRASYLOL (aprotinin. 400 K.I. units/100 ml) in TBS are added 
to each well and the plates incubated for 2 hours at 37«C 
Each well is washed one time with phosphate buffered saline 
(PBS) or TRis-buffered saline (TBS) and the plates are blocked 
for 1.5 hours with 1% bovine serum albumin (BSA) in TBS to 
prevent non-specific binding, if a binding partner for the 
fibrin-binding peptide is available, such as, for example an 
antibody according to the present invention, a direct binding 
assay can be performed. The putative fibrin-binding peptide 
under assay is preferably diluted in 0.05 M Tris containing 
0.1% BSA, 0.05% TWEEN-20 (polysorbate-20) . 0.1 M NaCl , pH 7 6 
(T3ST-BSA) and incubated at concentrations ranging for 
example, from 25-1000 ng for 2 hours to overnight (at either 
4»C, 370c, or room temperature) . The wells are then washed 
with TBST-BSA and incubated with the binding partner, such as 
the antibody specific for the fibrin- binding peptide (0.05 f^l) 
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to the putative FBP suspected of having fibrin-binding 
activity for 1 hour. Optimal final concentrations can be 
readily determined by one of ordinary skill in the art without 
undue experimentation. Following washes with TBST-BSA, the 
wells are incubated for 1 hour with an enzyme -conjugated 
second binding partner, preferably biotinylated, 
f luorescinated, or alkaline phosphatase- or peroxidase- 
conjugated second binding partner which can bind specifically 
to the first binding partner. Thus, for example, if the first 
binding partner is a rabbit antibody specific for the 11 kDa 
fibrin-binding peptide, the second binding partner will be, 
for example, goat antibodies specific for rabbit -IgG. The 
reaction is developed with a chromogenic substrate for the 
particular enzyme used. Thus, if alkaline phosphatase is the 
enzyme used, a preferred substrate is p-nitrophenyl phosphate 
(Sigma phosphatase substrate tablets Sigma Chemical Co.) 
dissolved in 10% diethanolamine ccncziining 1.0 mM MgClj , pH 
9.8. Binding is assessed spectrophotometrically , preferably 
using an ELISA plate reader, e.g., at 41C nm. 

As an alternative to using a tagged second antibody 
to detect the bound fibrin -binding antibody one can 
alternatively use a enzyme conjugated antibody specific for 
the fibrin -binding peptide, such as, preferably, by 
biotinylating such antibody. This will obviate the necessity 
of a second antibody. 

In another embodiment, binding can be measured using 
a competitive inhibition assay. In this case, the sample being 
assayed for fibrin-binding activity is incubated with either 
intact fibronectin or the 11 kDa fragment or any other known 
fibrin-binding fragment /peptide , at various concentrations, 
for an appropriate time period (usually one hour) and 
inhibition of binding is determined. If intact fibronectin is 
used, only partial inhibition of binding should be observed 
with a particular fibrin-binding peptide corresponding to a 
single fibronectin binding site, since fibronectin has two 
fibrin- binding sites. Alternatively,^" the sample being assayed 
can be allowed to react with the fibrin on the plate for a 
certain interval, followed by addition of fibronectin or 
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another known fibrin-binding pr^pcide afccr che unknown has 
been allowed to bind, if the sample contains a fibrin-binding 
peptide in sufficient concentration, it will competitively 
inhibit binding of the known fibrin- binding protein or 
peptide. Also, an Ab to either Fn or the FBP can be used to 
competitively inhibit the FBP or Fn binding to fibrin. The Ab 
can be preincubated with the FBP or Fn to inhibit binding by 
blocking the specific site involved in fibrin binding. 

The bound fibronectin can be detected by any known 
method such as by directly biotinylating or otherwise enzyme 
conjugating or radiolabelling the fibronectin directly, or by 
using a labelled antibody against fibronectin which does not 
cross-react with any of the fibrin-binding peptides used in 
the competitive assay. 

An alternate method for measuring binding to fibrin 
is through the use of fibrin affinity chromatography. In this 
approach, for example, a sample containing a fibrin- binding 
peptide is added to fibrin coupled to a solid support, for 
example. fibrin-SEPHAROSE'" . Incubations are preferably 
performed at 4»C to promote binding. The FBP is either 
incubated with the matrix with end over rotation or applied to 
the fibrin-matrix in a column. Although fibrin binding does 
occur at room t|n»perature and at 37?'C, maximum binding is 
obtained at A^^cf. Because of its affinity for fibrin, the 
fibrin-binding peptide will bind to the fibrin matrix while 
non- fibrin-binding proteins and peptides will not bind. The 
fibrin -binding peptide can be removed and thereby purified by 
elution with any reagent that disrupts the specific binding to 
the fibrin matrix. 

FJiPRIN CLQT BINDING A.SBAYS . . Fibrin binding is also 
routinely determined using an assay which can mimic the 
physiological binding of a fibrin -binding peptide to fibrin, 
based on detecting fibrin binding to prepared fibrin clots and 
subsequent microscopic examination.;,. For example, the fibrin- 
binding peptide can be labeled with" fluorescein (Dickler. H. 
et al., J. Exp. Med. 140:508 (1974)) or by radiolabeling.' for 
example with a radioactive isotope of iodine, in an in vitro 
assay, if the FBP is radiolabeled, for example, one can simply 
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determine the counts per minute (CPMs) bound to the 
experimental clot, which will be directly related to the 
amount of FBP bound to the clot (specific activity) . 

The method for fibrin clot formation is described by 
Thorsen et al., (supra ). Preferably^ a mixture of 0.2% 
bovine plasminogen- free fibrinogen is incubated with thrombin 
in saline barbital buffer (SBB) and t;-he fibrin is separated 
from the solution by winding on a glass rod at room 
temperature. All fluid is released from the clot by pressure 
and the clot incubated with the labeled fibrin-binding peptide 
for various periods of time. Following gentle washing of the 
clot in SBB to remove unbound labeled protein, the clot is 
quickly frozen at -20®C, cut in cryostat to sections 6-8 
microns thick, and collected on acid washed and 3- 
aminopropyltriethoxysilane treated microscope slides. The 
slides are preferably fixed in 10% formalin solution for 60 
minutes, rinsed with water, stained (Hematoxylin or toluidine 
blue or another appropriate stain) and either mounted with a 
water or solvent insoluble slide mounting solution, depending 
on the chosen stain (e.g., Aquamount or Permount) . 

If a fluorescent laibel is used, the slides are 
examined using conventional fluorescence microscopy. If a 
radiolabel is used, the slides are subjected to 
autoradiography to detect binding. Attachment of the label is 
expected only around the periphery of the clot with such 
procedures. Controls for such assays include similarly 
laibeled proteins which do not bind to fibrin and Icnown fibrin- 
binding proteins or peptides of similar molecular mass . 

Non- limiting examples of methods for detecting 
fibrin- binding activity of FBPs of the present invention also 
include other fibrin clot binding assays, which method steps 
are well known in the art, and based on the teaching and 
guidance presented herein, include the following. 

One alternative method of detecting fibrin binding 
is to test the binding of radiolabeled FBPs to clots 
prepared in vitro. Radiolabeled FBPs are stored for no 
longer than two weeks at -20«C in 0.1% BSA-PBS. Fibrin 
binding of ^ ^ ^ Iodine- FBPs or other radiolabeled FBPs is 
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performed in at least one of two ways: i) during clot 
formation and 2) at various time periods after clot formation. 
This determines the efficacy of FBPs in binding to both newly 
forming clots (thrombi) and old clots in vivo, if fbps 
continue to be incorporated into forming thrombi with time and 
remain relatively unchanged in their binding to preformed 
(old) thrombi over time, then radiolabeled FBPs are used in 
vivo to distinguish old thrombi from actively forming 
thrombi . 

The specificity of FBPs binding to clots will be 
determined by competing radiolabeled FBPs with unlabeled 
intact Fn, such as, but not limited to the 11 kDa and 25.9 kDa 
FBPS, as well as recombinant FBPs of the present invention 
which have been shown to have fibrin-binding activity. 
Preferably, all or substantially all of the fibrin -binding 
sites (optimally 75%) are saturated in order to observe 
competition. Thus, clot size win be.varied until saturation 
is obtained (binding of radiolabeled FBPs has reached a 
plateau). For these experiments, various concentrations of 
cold FBPs will be added together with the radiolabeled fbps to 
the clot, and inhibition of binding determined. This win 
demonstrate the relative affinities of various FBPs (by 
displacement) and specificity of the interaction. Binding of 
I- FBPs to preformed fibrin clots will be performed as 
25 above, except the ^^^i-fbp will not be added until after the 
clot has been formed and terminated at 30 minutes. The 12*1- 
FBP will be added for various time periods, during or after 
clot formation, and fibrin binding quantitated as described 
above . 

30 FWRESCENCE FIBRTN pt.qt BiNDTNr, aQcz^vc Another 

method for determining FBPs binding to prepared fibrin clots 
is to label the FBP with either fluorescein according to known 
method steps, e.g., according to Kluftinger, et al., infect 
immun. 57:817, (1989) or by radiolabel with i^sio^ine, and 

35 determine fibrin binding histologically. The method for 

fibrin clot formation will be performed according to )cnown 
method steps, as described, e.g., according to Engvall, et al 
(J. Sep. Med. 147:1584-1595 (1978)). Controls can be 
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predetermined labeled non- fibrin-binding proteins and known 
FBPs of similar molecular masses. Alternatively, fresh frozen 
sections of a formed clot will be incubated in humldo with the 
fluorescein or radioiodinated FBP. If the FBP is 
immunoreactive with any of our antisera, it will not need to 
be labeled and the procedure will follow with fluorescein 
labeled goat anti- rabbit IgG. ^^^I labeled protein A may also 
be used as a detection system. 

Radiolabeled FBP binding to developing and preformed 
clots is also performed in the presence of effectors of clot 
formation. Fibrin binding experiments are performed in the 
presence of thrombin, hirudin (inhibitor of thrombin) , calcium 
(clot formation is calcium dependent) , and heparin (inhibitor 
of clot formation) to determine their effects on ^^^I-FBP 
binding to both forming and preformed clots. Many patients 
that would receive FBP for imaging, etc., will be heparinized 
and thus, it is important to determine the extent that heparin 
would inhibit FBPs from binding to thrombi. The effect of 
plasma transglutaminase (Factor XIII) cross -linking on FBPs 
binding to fibrin clots is also determined. The addition of 
the primary amines spermidine and/or putrescine, which are 
inhibitors of Factor XIII, will indicate the contribution of 
Factor XIII, in blood, to FBPs binding to fibrin clots, 
according to the present invention. 

FBP HAVING FIBRIN- BINDING ACTIVITY . Once FBPs Of 
the present invention have been produced by recombinant or 
synthetic methods, or by proteolytic cleavage from the intact 
fibronectin molecule, and shown to have activity by one or 
more of the assays presented herein, such FBPs of the present 
invention are then used in compositions, diagnostic methods or 
therapeutic methods, as further described herein, 

PTERIN- BIND ING PEPTIDE DIAGNOSTIC METHODS In 
detecting an in vivo site of thrombosis, fibrin deposition, 
atherosclerotic plaque, cancer, or a bacterial infection in a- 
subject, a detectably labeled fibrin-binding peptide of the 
present invention is advantageously given in a dose which is 
diagnostically effective. The term "diagnostically effective" 
means that the amount of detectably labeled fibrin -binding 
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peptide administered is sufficient to enable detection of the 
site of thrombosis, fibrin deposition, atherosclerotic plaque, 
cancer or bacterial infection, compared to the background 
signal . 

5 Generally, the dosage of detectably labeled fibrin- 

binding peptide for diagnosis will vary depending on 
considerations such as age, condition, sex, and extent of 
disease in the patient, contraindications and/or the presence 
of other medications, if any, and other variables, to be 

10 adjusted by the individual physician. Dosage can vary from 
0.1 /xg/kg to 100 mg/kg, preferably 0.01 mg/kg to 10 mg/kg. 

The term "diagnostically labeled" means that the 
fibrin-binding peptide has attached to it a diagnostically 
detectable label. There are many different labels and methods 

15 of labeling known to those of ordinary skill in the art. 
Examples of the types of labels which can be used in the * 
present invention include radioactive isotopes, paramagnetic 
isotopes, and compounds which can be imaged by positron 
emission tomography (PET) . Those of ordinary skill in the art 

20 will know of other suitable labels for binding to the fibrin- 
binding peptides used in the present invention, or will be 
able to ascertain such, using routine experiments. 
Furthermore, the binding of these labels to the fibrin-binding 
peptide can be done using standard techniques common to those 

25 of ordinary skill in the art, such as cross -linking, covalent 
attachment, non- covalent attachment, or complexing. 

For diagnostic in vivo imaging, the type of 
detection instrument available is a major factor in selecting 
a given label, such as radionuclide, paramagnetic isotope or 

30 PET imaging agent. For example, the radionuclide chosen must 
have a type of decay which is detectable by a given type of 
instrument. In general, any conventional method for 
visualizing diagnostic imaging can be utilized in accordance 
with this invention. 

35 Another important factor in selecting an imaging 

label for use in in vivo diagnosis is that the half -life of a 
radionuclide be long enough so that it is still detectable at 
the time of maximum uptake by the target tissue, but short 
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enough so that deleterious radiation of the host is minimized. 
In one preferred embodiment, a radionuclide used for in 
vivo imaging does not emit particles, but produces a large 
number of photons in a 140-200 keV range, which can be readily 
detected by conventional gamma cameras. 

For in vivo diagnosis, radionuclides can be bound to 
a fibrin-binding peptide either directly or indirectly by 
using an intermediary functional group. Intermediary 
functional groups which are often used to bind radioisotopes 
existing as metallic ions to fibrin -binding peptides are the 
chelating agents, diethylene triamine pentaacistic acid (DTPA) 
and ethylene diamine tetracetic acid (EDTA) . Non- limiting 
examples of metallic ions which can be bound to fibrin-binding 
peptides are ^^Tc, ^^^I, ^In, ^^^1, ^'Ru, ^^Cu, s'Ga, ^^^l, 
^«Ga, '2 As, «»2r, and ^^^Tl. 

In addition to identifying and characterizing sites 
or sizes of thrombosis or fibrin deposition, methods of the 
invention can be used to monitor the course of thrombosis, 
fibrin deposition, at^.drogenesis , thrombolysis and/or 
athercgenolysis in an individual. Thus, by measuring the 
increase or decrease in the size or number of binding sites 
for the peptide of the invention, it is also possible to 
determine whether a particular therapeutic regimen is 
effective, e.g., when aimed at ameliorating the condition, or 
directed to the development of thrombosis, fibrin deposition 
or atherogenesis, or to regulation of thrombolysis or 
atherogenolysis . 

THERAPEUTIC METHODS, In another embodiment, fibrin- 
binding peptides of this invention, directly as pharmaceutical 
compositions, containing at least one FBP and a 
pharmaceutically acceptable carrier or diluent, or a FBP in 
"therapeutically conjugated" form, are used for therapy either 
by their own action or by targeted delivery of the therapeutic 
agent to fibrin at the site of a fibrin related pathology, 
such as but not limited to thrombosis, fibrin deposition, 
atherosclerosis, tumor, cancer, wound, infection, other 
vascular disease. 
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The term "therapeutically conjugated" means that the 
fibrin -binding peptide is conjugated to a therapeutic agent. 
Therapeutic agents used in this manner are preferably 
thrombolytic or fibrinolytic agents, such as, but not limited 
5 to tPA or analogues thereof, urokinase, streptokinase, 
prourokinase, or anisoylated plasminogen- streptokinase 
activator complex (EMINASE^"). Other therapeutic agents which 
can be coupled to the fibrin- binding peptides according to the 
present invention are chemicals, compounds, compositions, 

10 drugs, radioisotopes, lectins, and toxins, which are not 
limited to those listed here. Alternatively, a cloned 
recombinant "hybrid" molecule can be synthesized/produced by 
using the amino acid sequence of a FBP and a known protease or 
protease domain (e.g., of plasminogen activators) to be used 

15 for fibrin-binding and clot lysis. 

Also intended within the scope of the present 
invention, e.g., to target growth factors specifically to 
areas of fibrin binding deposition for therapy or diagnosis, 
are fibrin-binding peptides bound to growth factors such as 

20 epidermal growth factor (EGP) , platelet -derived growth factor 
(PDGF) , transforming growth factor-a (TGF-a) , transforming 
growth factor-S (TFG-S) , fibroblast growth factor (FGF) , tumor 
necrosis factor-of or -S (TNFa^ or TNFS) , any of the 
interleukins (IL-1 to IL-13) or interferons, erythropoietin 

25 (EPO) , or colony stimulating factors (GSFs) . FBPs can also be 
bound to albumin, a blood factor such as Factor Villa or 
Xlllb, polyethylene glycol, superoxide dismutase, or other 
proteins having a desired biological activity. 

The therapeutic dosage of therapeutic compounds and 

30 compositions to be administered is an amount which is 

therapeutically effective, and will be known or routinely 
determinable by one skilled in the related arts. The dose is 
also dependent upon the age, health, and weight of the 
recipient, kind of concurrent treatment, if any, frequency of 

35 treatment, and the nature of the effect, desired as determined 
according to known methods;! 

Other therapeutic agents which can be coupled to the 

'I 

fibrin -binding peptides or :specif ic antibodies of this 
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invention are known, or can be easily ascertained, by those of 
ordinary skill in the art. Examples of radioisotopes which 
can be bound to the fibrin-binding peptide for therapeutic 
purposes, used according to the method of the invention, are 
5 ^251^ ^3^1, ^°Y, 6^Cu, 2i7Bi^ 2iiAt, ^^^Pb, *^Sc, and Pd. 

The present invention also provides a method for 
treating a subject with vascular disease, such as, but not 
limited to, cardiovascular, cerebrovascular and/or peripheral 
vascular disease, such as that associated with thrombosis, 

10 fibrin deposition and/or atherosclerotic plaque, which method 
comprises administering to the subject a therapeutically 
effective amount of the fibrin -binding peptide, composition 
and/or therapeutic conjugate of the FBP, as described herein. 
Non-limiting examples of subjects who can benefit from the 

15 treatment compositions and methods of the present invention 

are patients with cerebrovascular pathologies, cardiovascular 
disorders, including acute myocardial infarction or angina, 
patients which have been subjected to angioplasty or coronary 
bypass surgery, patients receiving other thrombolytic therapy, 

20 or patients with thrombotic and/or fibrinolytic disease or 
clotting disorders. 

The present invention also provides a method for 
treating a subject with a wound, comprising administering to 
the subject a therapeutically effective amount of a fibrin- 

25 binding peptide or therapeutic conjugate of the peptide, as 
described herein, to achieve improved healing of the wound 
relative to not administering any FBP. The wound can be 
superficial, lacerated, contused, incised, open, penetrating 
or punctured, as an external or internaL wound anywhere in the 

30 body. Non-limiting examples can include a cutaneous wound, 

such as an incision, a skin deficit, a skin graft, or a bum. 
The wound can also be an eye wound such as a corneal 
epithelial wound or a corneal stromal wound, or a tendon 
injury. Growth factors, such as presented herein, bound to a 

35 FBP, can be used to target a wound to promote healing of the 
wound topically, systematically or parenterally . 

By administering a fibrin-binding peptide of the 
present invention, it is possible to prevent further 
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f ibrinogenesis because, e.g., by binding to fibrin, a FBP can 
prevent further fibrin- fibrin interactions and thereby^ e.g., 
preventing increase in size of a growing thrombus or 
developing plaque. Thus, FBPs of the present invention are 
5 useful, e.g., in preventing disseminated intravascular 

coagulation (DIC) , which occurs in end- stage cancer and in 
other disease states. 

The relationship between primary tumors, metastatic 
tumors, and the f ibrinogen/f ibrin and plasminogen/plasmin 

10 systems is complex (Markus, Sem. Thrombos. Hemostas. 10:61-70 
(1984); Kwaan, Sem. Thrombos. Hemostas. 10:71-79 (1984)). It 
is clear that clotting is dysregulated in metastatic cancer, 
in part because of chelation or cons\imption of various 
clotting factors. The peptides of the present invention can 

15 be used to regulate the clotting system in cancer by 

preventing further fibrinolysis. Because of the fibrin 
associated with tumors, FBPs of the present invention can be 
used as diagnostic agents to image certain tumors. In 
conjunction with thrombolytic . agents , as described herein, the 

20 peptides can be used to break up clots. Thus, one of ordinary 
skill in the art will appreciate how to make judicious use of 
the peptides of the present invention to regulate the clotting 
system in the treatment of cancer patients. 

The fibrin- binding peptides of the present invention 

25 can also be administered as a counterroeasure to thrombolytic 

therapy, e.g., to regulate one or more undesired side effects, 
such as plasma fibrinogen breakdown which leads to bleeding 
disorders. For example, an effective dose of a FBP can be 
administered following tPA administration to stop the 

30 thrombolytic action of the tPA because tPA activity requires 
fibrin binding. They can also be used to treat diseases with 
similar effects, such as Qf-2 plasmin inhibitor deficiency in 
which there is constant fibrinolysis. 

The fibrin-binding peptides of the present invention 

3 5 can also be used to inhibit the adhesion of bacteria to the 
extracellular matrix, as in wounds. This property can be 
assessed in a competition assay (Vogel, T. et al., infra) in 
which adherence of Staphylococcus aureus organisms to a 
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fibroneccin- coated plastic surface is measured. It is known 
that a recombinant 31 kDa fibrin- binding domain corresponding 
to part of the N- terminal half of fibronectin inhibits such 
adhesion (Vogel et al . , infra). 

Because of the ability of fibrin-binding peptides to 
bind certain bacteria, the present invention provides a method 
for preventing or treating a bacterial infection, which 
comprises administering to a subject a therapeutically 
effective amount of a fibrin -binding peptide in accordance 
with the present invention. This method can be particularly 
useful to treat catheter sepsis associated with the presence 
of a bronchial or other catheter, or other type of implant 
which is susceptible to staphylococcal infection. 

The present invention also includes a method for 
treating a subject with cancer, which comprises administering 
a therapeutically effective amount of the fibrin-binding 
pHiC-ice or therapeutic conjugate of the peptide, as described 
above, which is effective in retarding metastasis. 

This invention can also be utilized to detect 
thrombosis or fibrin deposition, such as that associated with 
atherosclerotic plaques or microthrombi as in myocardial 
infarction, thrombo- emboli, and the like, at a wide variety of 
body sites including, but not limited to organs such as the 
heart, abdomen, or lungs, or cerebrovascular or vascular walls 
anywhere in the body. 

The invention is also useful as a means to evaluate 
the efficacy of, and responses to, therapeutic treatment of 
thrombosis or fibrin deposition. 

PHARMACEUTICAL COMPOSITIONS . Preparations of the 
imaging fibrin-binding peptides or therapeutically- conjugated 
fibrin -binding peptides for parenteral administration include 
sterile acjueous or non- aqueous solutions, suspensions, and 
emulsions. Examples of non-aqueous solvents are 
propyleneglycol , polyethyleneglycol , vegetable oil such as 
olive oil, and injectable organic esters such as ethyloleate. 
Aqueous carriers include water, alcoholic/aqueous solutions, 
emulsions or suspensions, including saline and buffered media, 
parenteral vehicles including sodium chloride solution. 
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Ringer's dextrose, dextrose and sodium chloride, lactated 
Ringer's, or fixed oils. Intravenous vehicles include fluid 
and nutrient replenishers, such as those based on Ringer's 
dextrose, and the like. Preservatives and other additives can 
5 also be present, such as, for example, antimicrobials, anti- 
oxidants, chelating agents, and inert gases and the like. 
See, generally, Remington's Pharmaceutical Science, isth ed.', 
Mac Eds, 1980. 

Preparations of the imaging fibrin-binding peptides 

10 or therapeutically- conjugated fibrin -binding peptides of the 
present invention can be administered by any means that 
achieve their intended purpose. For example, administration 
can be by parenteral, including subcutaneous, intravenous, 
intramuscular, intra - arterial , intraperitoneal, or transdermal 

15 routes. Alternatively, or concurrently, administration can be 
by the oral route. A preferred route of administration of the 
detectably labeled fibrin-binding peptides for imaging is the 
intravenous route. The fibrin- binding peptide can be 
administered in a single bolus, or by gradual perfusion, which 

20 is preferably intravenous and uses peristaltic means to 
accomplish the gradual perfusion. 

ANTIBODIES AND METHODfi . The term "antibody" as used 
herein is meant to include polyclonal antibodies, monoclonal 
antibodies (mAbs) , chimeric antibodies, single-chain 

25 antibodies, recombinantly produce humanized antibodies, and 
ant i- idiotypic (anti-Id) antibodies. 

Polyclonal antibodies are heterogeneous populations 
of antibody molecules derived from the sera of animals 
immunized with an antigen. 

3 0 Monoclonal antibodies are a substantially 

homogeneous population of antibodies to specific antigens. 
MAbs can be obtained by methods known to those skilled in the 
art. See, e.g., Sambrook, supra; Ausubel, supra, e.g., §ii; 
Harlow and Lane, Antibodies: A Laboratory Manual Cold Spring 

35 Harbor Laboratory (1988); Colligan et al., eds., Current 

Protocols in Immunology , Greene Publishing Assoc. and Wiley 
Interscience. N.Y., (1992, 1993, 1994), the contents of which 
references are incorporated entirely herein by reference. 
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Such antibodies can be of any immunoglobulin class including 
IgG, IgM, IgE, IgA and any subclass thereof. The hybridoma 
producing the mAbs of this invention can be cultivated in 
vitro or in vivo . Production of high titers of mAbs by in 
vivo production makes this the presently preferred method of 
production. Briefly, cells from the individual hybridomas are 
injected intraperitoneally into pristane- primed BALB/c mice to 
produce ascites fluid containing high concentrations of the 
desired mAbs. MAbs of isotype IgM or IgG can be purified from 
such ascites fluids, or from culture supernatants, using 
column chromatography (e.g., protein A-Sepharose or Gamma- 
Bind^") or other known method steps. 

Chimeric antibodies are molecules to different 
portions of which are derived from different' animal species , 
such as those having a variable region derived from a murine 
mAb and a human immunoglobulin constant region. Chimeric 
antibodies and methods for their production are known in the 
art (Harlow, supra , Colligan, supra ; Cabilly et al , Proc . 
Natl. Acad. Sci. USA 81:3273-3277 (1984); Morrison 
et al., Proc. Natl. Acad. Sci. USA 81:6851-6855 (1984); 
Boulianne et al., Nature 312:643-646 (1984); Neuberger 
et al., Mature 314:268-270 (1985); Taniguchi et al., European 
Patent Application 171496 (published February 19, 1985); 
Robinson et al.. International Patent Publication No. 
PCT/US86/02269 (published 7 can 1987); Liu et al., Proc, 
Natl. Acad. Sci. USA 84:3439-3443 (1987); Better 
et al.. Science 240:1041-1043 (1988)). These references are 
hereby entirely incorporated by reference. 

An anti- idiotypic (anti-Id) antibody is an antibody 
which recognizes unique determinants generally associated with 
the antigen-binding site of an antibody. An anti -Id antibody 
can be prepared by immunizing an animal of the same species 
and genetic type (e.g. mouse strain) as the source of the mAb 
with the mAb to which an anti -Id antibody is to be prepared. 
The immunized animal will recognize and respond to the 
idiotypic determinajits of the immunizing antibody by producing 
an antibody to these idiotypic determinants (the anti -Id 
antibody) . 
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Accordingly, mAbs generated against the fibrin- 
binding peptide of the present invention can be used to induce 
anti-Id antibodies in suitable animals, such as BALB/c mice. 
Spleen cells from such immunized mice are used to produce 
anti-Id hybridomas secreting anti-Id mAbs. 

The anci-Id mAbs thus have their own idiotypic 
epitopes, or "idiotopes" structurally similar to the epitope 
being evaluated, such as an epitope of a fibrin -binding 
peptide. Such anti-Id antibodies can also be used to target 
to fibrin -binding peptides. 

The term "antibody" is also meant to include both 
intact molecules as well as fragments thereof, such as, for 
example. Fab and F(ab')2, which are capable of binding 
antigen. Fab and F(ab')2 fragments lack the Fc fragment of 
intact antibody, clear more rapidly from the circulation, and 
can have less non-specific tissue binding than an intact 
antibody (Wahl et al., j. Nucl. Med. 24:315-325 (1933)). 

It will be appreciated that Fab and F(ab')2 and 
other fragments of the antibodies useful in the present 
invention can be used for the detection and quantitation of 
fibronectin or a fibrin -binding peptide corresponding thereto, 
according to the methods disclosed herein for intact antibody 
molecules. Such fragments are typically produced by 
proteolytic cleavage, using enzymes such as papain (to produce 
Pab fragments) or pepsin (to produce F(ab')2 fragments). 

The antibodies (or fragments thereof) useful in the 
present invention can be employed histologically to detect or 
visualize the presence of fibronectin or a fibrin- binding 
peptide corresponding thereto. Such an assay typically 
comprises incubating a biological sample from a subject in the 
presence of a detectably labeled antibody capable of 
identifying fibronectin or a fibrin -binding peptide, and 
detecting the antibody bound in a sample. 

The antibodies according to the present invention 
are useful for immunoassays to detect or guantitate the 
presence of fibronectin, or a fibrin -binding peptide of the 
present invention. Similarly, the fibrin-binding peptides of 
the present invention can be used in immunoassay -like binding 
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assays to detect or quantitate the amount of fibrin in a 
sample. Assays using these two separate compositions of the 
present invention, antibodies and fibrin-binding peptides, 
will be discussed together below, since the basic approach is 
essentially the same. 

Such an immunoassay typically comprises incubating a 
biological sample from a subject in the presence of a 
detectably labeled antibody (or fibrin-binding peptide) 
capable of reacting with and thereby identifying the antigen 
or binding partner, and detecting the antibody (or fibrin- 
binding peptide) which is bound in a sample. 

Thus, in this aspect of the invention, a biological 
sample can be incubated with nitrocellulose, or other solid 
support or carrier (e.g., microtiter plates) which is capable 
of immobilizing cells, cell particles or soluble proteins. 
The support can then be washed with suitable buffers followed 
by treatment with the detectably labeled antibody (or fibrin- 
binding peptide) . The carrier can then be washed with the 
buffer a second time to remove unbound antibody or peptide. 
The amount of bound label on the solid support can then be 
detected by conventional means. 

By "solid phase support" or "carrier" is intended 
any support capable of binding antigen or antibodies. Well- 
)cnown supports, or carriers, include glass, polystyrene, 
polypropylene, polyethylene, dextran, nylon, amylases, natural 
' and modified celluloses, polyacrylamides , agaroses, and 
magnetite. The nature of the carrier can be either soluble to 
some extent or insoluble for the purposes of the present 
invention. The support material can have virtually any 
possible structural configuration so long as the coupled 
molecule is capable of binding to an antigen or antibody. 
Thus, the support configuration can be spherical, as in a 
bead, or cylindrical, as in the inside surface of a test tube 
or microtiter well, or the external surface of a rod. 
Alternatively, the surface can be flat such as a sheet, test 
strip, etc. Preferred supports include polystyrene beads or 
polystyrene wells treated appropriately by the manufacturer so 
as to bind the desired antigens. Those skilled in the art 
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. will know many other suitable carriers for binding antibody or 
antigen, or will be able to ascertain the same by use of 
routine experimentation. 

As regards to use of the antibody of the present 
invention, a preferred immunoassay is an enzyrne immunoassay 
(EIA) , or enzyme -linked immunosorbent assay (ELISA) An 
enzyme i^s conjugated directly to the antibody of the present 
invention or to a second binding partner for the antibody 
This enzyme, in turn, when later exposed to its substrate 
will react with the substrate in such a manner as to produce a 
chemical moiety which can be detected, for example by 
spectrophotometric, fluorometric or by visual means. Enzymes 
useful for labeling the antibody or fibrin-binding peptide 
according to the present invention include, but ar- not 
limited to, maleate dehydrogenase, staphylococcal nuclease 
delta-V- steroid isomerase, yeast alcohol dehydrogenase, alpha- 
glycerophosphate dehydrogenase, triose phosphate isomerase 
horseradish peroxidase, alkaline phosphatase, asparaginase' 
glucose oxidase, beta-galactosidase. ribonucleaae, urease ' 
catalase, glucose- 6 -phosphate dehydrogenase, glucoamylase'and 
acetylcholinesterase . 

Detection can be accomplished using any of an 
alternate variety of immunoassays, such as radioimmunoassay 
(RIA) see, for example. Chard, T., In: Work, T.S.. et 
al., Laboratory Techniques and Biochemistry in Molecular 
BsLology. North Holland Publishing Company, NY. (1978) 
incorporated by reference herein. The radioactive isotope can 
be detected by such means as the use of a gamma counter or a 
scintillation counter or by autoradiography. Isotopes which 
are particularly useful for the purpose of the present 
invention are well-known in the art. 

For assays in which the detectable label is a 
fluorescent compound, the antibody or peptide of the invention 
can be labeled with any of a number of fluorescent compounds 
such as fluorescein isothiocyanate. rhodamine, phycoerythr in ' 
phycocyanin, allophycocyanin, o-phthaldehyde and 
fluorescamine. The antibody or peptide can also be detectably 
labeled using fluorescence emitting metals such as ^ ^ ^ Eu or 
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Others of the lanthanide series. These metals can be attached 
to the protein using such metal chelating groups as 
diethylenetriaminepentaacetic acid (DTPA) or 
ethylenediaminetetraacetic acid (EDTA) . 

The antibody or peptide also can be detectably 
labeled by coupling it to a chemiluminescent compound. The 
presence of the chemiluminescent- tagged antibody or fibrin- 
binding peptide is then determined by detecting the presence 
of luminescence that arises during the course of a chemical 
reaction. Examples of particularly useful chemiluminescent 
labeling compounds are luminol, isoluminol, theromatic 
acridinium ester, imidazole, acridinium salt and oxalate 
ester. 

Likewise, a bioluitiinescent compound can be used to 
label the antibody or peptide of the present invention. 
Bioluminescence is a type of chemiluminescence found in 
biological systems in which a catalytic protein increases the 
efficiency of the chemiluminescent reaction. The presence of 
a bioluminescent protein is determined by detecting the 
presence of luminescence. Important bioluminescent compounds 
for purposes of labeling are luciferin, luciferase and 
aequorin. 

Detection of binding of the antibody or peptide can 
be accomplished using a liquid scintillation counter for a 
IsLbel which is a S-emitter, a gamma counter for a radioactive 
gamma emitter, or by a fluorometer, for example, if the label 
is a fluorescent material- In the case of an enzyme label, 
the detection is preferably by colorimetric 
(spectrophotometric) methods. Detection can also be 
accomplished by visual comparison of the extent of enzymatic 
reaction of a substrate in comparison with similarly prepared 
standards . 

The immunoassays of the present invention can be 
forward assays, simultaneous or reverse, sandwich assays or 
competitive assays, using single antibodies or combinations 
or antibodies, as is well-known in the art. 

Having now generally described the invention, the 
same will be more readily understood through reference to the 
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following examples which are provided by way of illustration, 
intended to be limiting of the present invention, 
unless specified. 

EXAMPLE I: 

Purification of Fibrin- Binding Peptides from Pibronectin 

a) . Proteolytic digestion of Fn. Pibronectin was 
obtained from the New York Blood Center and further purified 
by lysine-SEPHAROSETH chromatography, to remove contaminating 
enzymes (plasmin) , followed by gelatin affinity chromatography 
(0.1 M Tris, pH 7.6) (Gold et al . Proc. Natl. Acad. 

Sci. 76:4 803-4807 (1979); Rostagno et al . , J. Imrnmol. 
43:3277-3282 (1989)). Purified Fn (Img/ml in 0.1 M Tris-HCI 
buffer, pH 7.6) was incubated with subtilisin Carlsberg type 
VIII (Si^ma, , at an enzyme substrate ratio of 1:100 (w/w) for 
1 hour at 37<>C. The reaction was terminated by the addition 
of PMSF (=igma Chem. Co.) to a final concentration of 10' ^ 
and the digested Fn subjected to sequential affinity 
chromatography through gelatin- SEPHAROSE^" (Heene, et al., 
(1979) Thrombosis Res 2, 137-154) and f ibrin-SEPHAROSE' " 
(Gold et al., BiocJiemistxy 22:4113-4119 (1983); Stathakis, 
N.E. etal.. Blood 51:1211-1222 (1978)). 

b) . Preparation of fibrin- SBPHAROSB*" . Bovine 
fibrinogen was cross-linked to CNBr-activated SEPHAROSE'" (5 
mg/ml beads) according to the manufacturer's instructions. 
Coupled fibrinogen was subsequently converted to fibrin by 
incubation with human thrombin to a final concentration of 5 
NIH units/ml and 100 K.I. (kallikrein inhibitory) units/ml of 
aprotinin (in 0.05 M Tris-HCI buffer, pH 7.6, containing 0.1 M 
NaCl and O.Ol M EDTA) for three hours, at room temperature ■ 
(Gold, et al. (1983) Biochemistry 22, 4113-4119). 

c) . Isolation of li kDa fibrin -binding fragment. 
The effluent unbound fraction of digested Fn from the gelatin- 
SEPHAROSE'" affinity chromatography was combined with a 
fibrin- SEPHAROSE'" affinity matrix (80 mg/15 ml beads) in a 
batchwise manner, incubated overnight at 4«C with end over 
rotation, poured into a column, and washed with equilibration 
buffer (fibrin- binding buffer (FSB), 0.05 M Tris-HCI, o.i m 
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NaCl buffer, pH 7.6). Upon warming the column to room 
temperature, a 25.9 kDa fragment was eluted with FBB (Peak a, 
Fig. 3). Under these conditions, a portion of the 25.9 kDa 
fragment remained bound to the fibrin- SEPHAROSE^ " and was 
recovered from the affinity matrix together with an 11 kDa 
fragment that was considered to have higher fibrin -binding 
affinity because it required denaturing conditions for elution 
(0.05M tris, 6.0 M urea, O.IM NaCl, ph 7.6) (Fig. 3, Peak b) . 
The yield of the 11 kDa fragment from the intact molecule was 
approximately 5% (w/w) . This is the same as the theoretical 
yield. The extinction coefficient has been determined to be 
approximately 4.5, based on a comparison between Ajgo and 
protein concentration determination by Coomassie Protein Assay 

(Pierce Chemical Co.). 

Thus, the binding of the 25.9 kDa. fragment appeared 
to be of lower affinity because it was eluted from the column 
by a change in temperature. The affinity of the 11 kDa 
fragment for fibrin was markedly higher, since it required 
denaturing conditions (6M urea or 50% ethylene glycol) for its 
elution from the fibrin affinity matrix. 

To obtain smaller fragments of fibronectin that 
retain fibrin-binding activity, the 11 kDa fragment can be 
further digested with a variety of enzymes, e.g., plasmin 
(Sigma) , generated by urokinase (American Diagnostica) 
digestion of plasminogen. Staphylococcal V8 (Sigma) , 
Endoproteinase Lys-C and Endoproteinase Asp-N (Boehringer- 
Mannheim) . To test for fibrin-binding activity, the digested 
11 kDa protein is subjected to f ibrin-SEPHAROSE^ " 
chromatography (as described herein) or employed in the ELISA 
described below to competitively inhibit either the 11 kDa 
fragment or intact fibronectin from binding to fibrin on 
microtiter plates. The smaller fragment may also be directly 
bound to the ELISA plate using an appropriate method of 
detection (e.g., an antibody). 

Fibrin-binding fragment (s) can require further 
purification by HPLC. The amino acid sequence can be obtained 
by electroblotting a fragment that binds to fibrin, by the 
method of Matsudaira et al . , J. Biol. Chem. 262:10035 (1987) 
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followed by Ni.enninal by amino acid 3eqv,enci„g,. this win 
alio, identification of its location witMn the intact 
fibronectin molecule. 

EXAMPIiB II 

SDS-PAGE Analysis of the Purified li )cDa 

^">3:xn- Binding Peptide 

cn= '^"^ concentration of acrylainide monomer was 14% in 
.he SDS-PAGE gel. 15 of 11 kCa fibrin-binding peptill 
-ther reduced or unreduced, dissolved in sample buffer :as 
passed xnto the gel. |rhe molecular weight (molecular l^s^ of 
11 KDa was determined -by comparison with cytochrome c "Lch 
has a molecular mass of 12.7 ,cDa. The unreduced 11 ^a 
peptide was shown to contain higher molecular weight material 
that was reduced to 11 ,cDa by dithiothreitol it is ZIZT 
reasoned that the high molecular weight ..teria r jr en 
disulf.de bonded multimers of the 11 IcDa peptide and hat his 
pept.de can be at least s« purified by a one step 
Chromatographic procedure through f ibrin-SEPHAROSE-" . 

EXAMPLE III 

h.. . . ™^ ^^l"^''" ot fibronectin has 

been deduced from the cDNA and is presented In Figure 4 as a 
contiguous sequence, albeit grouped and aligned Z h 
modules .Komblihtt, et al. ^o' 4.1"=":". Ii^rTr^ 
N- terminal amino acid sequencing. 

The N- terminal amino acid sequence of the ii kDa FBP 
was detennined after electrohlot onto polyvinyl idene 
dxflourxde (PVDF) membranes on a 477A Protein Sequencer 
equipped with an on-line 120A PTO analyzer (ApplL 
Biosystems) (Method: Matsudaira et al j Biol rh« 
762:10035 (1987)). The 25 9 )cDa FBP . 

17 from rho M . • Commences at amino acid 

from the N-term.nus of the mature Fn. Using a computer 
program that calculates molecular masses from !pec fl^d Ilino 
acd sequences (CPMAW, together with the N-te Jnal IlL ^d 
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sequencing, it was possible to deduce that the fragment 
corresponds to residues Serl7 to Gln^ * ^ . 

A "magnified" version of the 11 kDa fibrin-binding 
peptide from the C- terminal of the fibronectin molecule is 
presented in Figure 5 (residues 2123-2232 of SEQ ID N0:1), 

Based on the structural features of fibronectin, it 
was concluded that both the 25.9 kDa and 11 kDa fibrin-binding 
peptides contained consensus sequences of a type I repeat 
module. 

During the course of isolation of the 11 kDa fibrin- 
binding peptide, it was noted that elution from the affinity 
matrix with 6,0 M urea partially destroyed the fibrin-binding 
activity. Thus, although 100% of the 11 kDa peptide that was 
applied to the column could be eluted, only 40-50% of the 
protein rebound to a second fibrin column at 4*^0, and only 20% 
bound at 37®C. 

S :.ce complete recovery of fibrin-binding activity 
was desired for use of the molecule in clinical application, 
various rjrfers were tested in an attempt to optimize recovery 
of thf> peptide while retaining maximal biological activity. 

Table III summarizes the results and lists the 
buffers used in these experiments. It was found that a 
solution of 50% ethylene glycol performed optimally in eluting 
the 11 kDa peptide from f ibrin-SEPHAROSE*^" . It should be 
noted here that both extreme ajid subtle changes in pH and salt 
concentration did not disrupt the binding to fibrin. 

TABLE III 

BLUTTON OF 11 kDa FIBRIN -BIHDING FRAOffiNT WITH VARIOUS AGENTS 



AGENT % ELUTED 

1.0 M KBr 55-65 

1.0 M Arginine 26 

50% ethylene glycol, pH 11.5 77 

2.0 M Urea 32 

4.0 M Urea 50-60 

6.0 M Urea 100 



(All samples were rotated in the cold overnight) 
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REBdDrNG OF BLDTED 11 kDa FRftGMKNT TO FIBRIN 



BUFFER 



% Rebound at: 
37°C 41£ 



Ethylene glycol 49 
2.0 M Urea 
4.0 M Urea 
6.0 M Urea 

6.0 M Urea (step dialysis) nd 
1.0 M KBr 
1.0 M Arginine 



80 

ND 60 
ND 45-52 
ND 40-50 
40-50 

ND 7-10 
ND ND 



At 37«C, 4-5% of the applied material bound to a 
fibrinogen -SEPHAROSET" column (ethylene glycol) 



BXAMPLB IV 

Expression of Fibronectin Domains Comprised Partially or 
Entirely of Type I Bfodules 

The expression in yeast {Saccharomyces cerevisiae) 

and the purification of the seventh type l module of human 

fibronectin CFl) was described in Baron, M. et al.. 

In: Protein Production in Biotechnology, Harris (ed) , pp 49- 

60, Elsevier, London (1990), the contents of which are hereby 

incorporated herein by reference. A phosphoglycerate kinase 

promoter (Mellor et al., Gene 24:1-14 (1983); Kingsman et 

al., Biotech. Genet Eng. Rev. 3:377-416 (1985)) and the a- 

factor leader sequence (Kurjan et al . , Cell 30:933-943 (1982); 

Brake et al., Proc. Natl. Acad. Sci. USA 81:4542-4646 (1984)) 

were used to diirect the expressed protein into the culture 

medium. The expressed module corresponded to amino acids 431- 

478 (Owens et al,, EtSBO J. 5:2835-2830 (1986)) (referred to 

here as residues 1-48) and included all the type l consensus 

sequence and the linker connecting this module to the 

preceding type 2 repeat. 

a.) Construction, expression and purification of recombinant 
fibronectin modules 11 kDa, i'PI.ufi, npi, »opi, i«>Fl-end 
^^Fl-end, iipi.i^Fl, »«Fl-i2pi, and "Fl-end. 

The molecular cloning strategy used to produce DNA 
sequences (inserts) corresponding to the relevant fibronectin 
domains, comprised partially or entirely of Type I modules, is 
described below: 
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For the domains ^ ^ kDa (residues 2123-2230 of SEQ ID 
N0:1), i*>Fl.iiFl (residues 2141-2230 of SEQ ID N0:1), ^ ^ Fl 
(residues 2187-2230 of SEQ ID N0:1), ^^Fl (residues 2141-2185 
of SEQ ID N0:1), ^^Fl-end (residues 2141-2324 of SEQ ID N0:1), 
5 i^Fl-end (residues 2187-2324 of SEQ ID N0:1), ^^Fl.^^pi 

(residues 2187-2271 of SEQ ID N0:1), lOFl-^^pi (residues 2141- 
2271 of SEQ ID N0:1) and ^^Fl-end (residues 2233-2324 of SEQ 
ID N0:1), as well as domain ^ Fl (residues 21-S5 of SEQ ID 
N0:1), 1F1.2F1 (residues 21-109 of SEQ ID N0:1) and ^Fl.^Fl 

10 (residues 152-244 of SEQ ID NO:l), inserts were synthesized by 
the polymerase chain reaction (PCR) , using a cloned 
fibronectin gene template and synthetically prepared 
oligonucleotide primers (Figure 12). The DNA primers for the 
other cloned domains, corresponding to the (A) and (B) primers 

15 shown in Fig. 13 for the ^^Fl.iiFl domain, are as shown in the 
following Table IV: 



TABLE IV 



20 


IIK A 
IIK B 


5 
5 


' -GAA GAG GTT GTT ACC GTC GG 
-T AAT GGA TCC TTA CGT TGC CTC 


ATG 


AGG 


GTC 






lOFl A 
lOFl B 


5 
5 


-GAT GAC TCG TGC TTT GAC CC 

T AAT GGA TCC TTA AGA TGA ATC ACA TCT GAA ATG AC 


25 


llFl A 
llFl B 


5 
5 


-AGA TGG TGC CAT GAC AAT GG 
-T AAT GGA TCC TTA CGT TGC CTC 


ATG 


AGG 


GTC 






lOFl.llFl A 
lOFl.llFl B 


5' 
5 


-GAT GAC TCG TGC TTT GAC CC 
-T AAT GGA TCC TTA CGT TGC CTC 


ATG 


AGG 


GTC 






10F1-12F1 A 
10F1-12F1 B 


5 ' 
5' 


-GAT GAC TCG TGC TTT GAC CC 
-T AAT GGA TCC TTA AGT GTT TGT 


TCT 


CTG 


ATG 


GTA 


30 


lOFl-end A 
lOFl-end B 


5' 
5' 


-GAT GAC TCG TGC TTT GAC CC 
-T AAT GGA TCC TTA CTC TCG GGA 


ATC 


TTC 


TCT 


GTC 




HFl-end A 
llFl-end B 


5' 
5' 


-AGA TGG TGC CAT GAC AAT GG 
-T AAT GGA TCC TTA CTC TCG GGA 


ATC 


TTC 


TCT 


GTC 


35 


11F1.12F1 A 
11F1.12F1 B 


5' 
5' 


-AGA TGG TGC CAT GAC AAT GG 
-T AAT GGA TCC TTA AGT GTT TGT 


TCT 


CTG 


ATG 


GTA 




12Fl-end A 
12Fl-end B 


5' 
5* 


-GAT GAC TCG TGC TTT GAC CC 
-T AAT GGA TCC TTA CTC TCG GGA 


ATC 


TTC 


TCT 


GTC 



C ( 
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A plasmid designated pMBSO was constructed by. 
cloning;. the yeast alpha factor leader sequence into the 
polylinfcer of the SP46 vector (Promega Biotechnology) with 
convenient restriction sites allowing the various DNA inserts 
5 to be fused, in-phase with the leader sequence (Baron et al.. 
In: Protein Production in Biotechnology , Harris TJR (ed) , 
Elsevier;; London, pp 49-60, 1990) (Figure 13). Ampicillin 
resistance was used to select for positive E. coli 
trans formants and the fidelity of the insert sequences were 

10 confirmed by sequencing. After this, the entire 

leader/f ibronectin constructs were removed as Bglll/BamHI 
fragments and ligated into the yeast expression vector, pMA91 
(Figure 14) (Mellor et al . , Geiie 24:1-14 (1983)). These 
vectors were transformed into a leucine (-) yeast strain and 

15 recombinants selected by their ability to grow on medium 
lacking leucine. 

Module expression and purification. The various 
type 1 modules were expressed as fusion peptides with the 
leader sequence (Figure 15) . The leader sequence directs 

20 secretion and in the process sis cleaved off, leaving the 
authentic f ibronectin peptide in the external media. 

The secreted f ibronectin peptides, along with 
irrelevant yeast proteins were recovered from the supernatant 
and concentrated by partial lyophilization. The supematants 

25 were partially purified by chromatography using C18 silica 
beads. In each case the f ibronectin fragment of interest 
was eluted from the beads with acetonitrile, freeze dried and 
purified by reverse phase HPLC. 

For the first peptide to be studied (' Fl) (see 

30 Figure 19), it was necessary to use SDS-PAGE, amino acid 

analysis and N- terminal sequencing to show that the protein 
had been correctly processed from the leader sequence. In 
order to confirm correct folding, the disulfide bonding 
pattern was ascertained. However, having determined the NMR 

35 characteristics of this type l consensus structure (see 
below), it was then adequate to use SDS-PAGE and mass 
spectroscopy to analyze peptide primary sequence and a 
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comparison of basic NMR characteristics to confirm consensus 
folding of other purified type 1 domains. 

An expressed module corresponded to amino acids 431- 
478 (Owens et al . , EMBO J. 5:2835-2830 (1986)) (referred to 
here as the ^Fl) and included all the type 1 consensus 
sequence and the linker connecting this module to the 
preceding type 2 repeat. 

DNA sequences corresponding to a type I repeat 
module of fibronectin were synthesized and amplified by the 
polymerase chain reaction (PGR), well-)cnown steps in the art, 
using synthetically prepared oligonucleotides. The DNA 
inserts are subsequently ligated into the pMBSO plasmid to be 
in phase with the yeast (Saccharomyces cerevisiae) alpha- 
factor leader sequence. Figure 13 illustrates the 
construction of the pMBSO vector. ThepMBSO consists of a 
BamHI/Bgllll fragment containing the alpha- factor leader 
sequence, inserted into the polylinker sequence of SP46. 
Ampicillin resistance is used to select the E. coli positive 
clones . 

The insert (after PGR) is ligated between the 
Stul/Baml sites in the E. coli vector pmBSO (Figure 14) , The 
fibronectin inserts are sequenced prior to the removal of the 
entire leader/ fibronectin construct for ligation into the 
yeast expression vector, pMA91 (Figure 14) . The pMA91 
expression vector carrying the fibronectin construct is 
transformed into a leucine (-) strain of yeast such that 
successfully transformed yeast are able to grow on leucine (-) 
media. The peptides are secreted into the media by the alpha- 
factor secretion system driven by the phosphoglycerate kinase 
promoter. The leader sequence is cleaved from the peptide 
during secretion. Low concentrations of irrelevant yeast 
proteins are secreted into the media. Nevertheless, the 
fibronectin peptide is alternatively purified by HPLG. 

SDS-PAGE and mass spectroscopy were used to analyze, 
the secreted fibronectin module. NMR is used to confirm 
proper folding of the molecule. Methods for these procedures 
are described by Baron et al., supra ; Mellor et al.. Gene, 
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24, 1-14 (1983); and Kurjan et al.. Ceil , 30, 933-943 
(1982) , 

The iTl, iiFl, lopi.iiFl, i°Fl-end, iiFl-end, 
iiFl.i^Fl, 10F1-12F1, i^Fi-end. and the recombinantly produced 
11 kDa fragment that were partially purified as described 
above and the culture supernatants from yeast transfected with 
the PMA91 plasmid that did not contain a fibronectin insert, 
were electrophoresed by SDS-PAGE, transferred to a 
nitrocellulose membrane for Western blotting using an anti- 
fibronectin antibody (Calbiochem) . Each recombinant protein 
reacted with the antisera to fibronectin and demonstrated 
bands at the appropriate expected molecular weight of the 
protein derived from each cloned sequence (M, -4 icDa to 11 
kDa) . The plasmid not containing the insert did not react 
with the antisenim. Each protein was electroblotted and 
subjected to amino acid sequence analysis to verify the 
protein sequence and determine approximated yields. Yields 
were also approximated by densitometric scanning of the 
Western blots. As expected, each amino acid sequence was as 
dictated by the designed PGR product that was inserted into 
the plasmid DNA. The yields were between lo to 100 mg/ml. 
b.) Construction, expression and purification of recombinant 
fibronectin modules ^ Fl , * Fl . 2 pi , and ^ " Fl . 

^Fl, 1F1.ZF2, and ^ o FX were also expressed from a 
system based on the yeast a- factor secretion pathway. DNA 
fragments encoding 1 Fi and ^Fl.zFl were amplified by the 
polymerase chain reaction (PGR) from a cloned fragment of • 
human Fn cDNA. The sense strand oligonucleotide primer, which 
encoded the NHj -terminal segment of both proteins, had the 
sequence 5' -GAG GCT GAG GAA ATG GTT CA. While the ant i- sense 
strand oligonucleotide primer for 1 Fl had the sequence 5'-T 
AAT GGA TCC TTA TTC AGG TTT AGT TTC GCA GTT A. and for 1 Fl.^Fl 
was 5' -T AAT GGA TCC TTA TGC GAT GGT ACA GCT. The anti-aense 
oligonucleotides encoded the COOH- terminus of both proteins, 
followed by a stop codon, a BaitiRi site (GGATTC) and a four 
nucleotide tail. Type 1 modules are typicallyi encoded on 
single exons (^^Fl is encoded by 2 exons) bordered by phase 1 
introns, Patel et al, EMBO J. 6:2565-2572, 1987). Therefore. 
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both PCR fragments were designed to encode from the 5'-intron 
at the NH2 -terminus of 1 Fl (located between the C and G 
nucleotides of the sense strand oligonucleotide) , and as far 
as the last complete codon of the exon encoding either the 
first or second type 1 modules. Vector construction, 
expression and purification of 1 Fl and ^Fl.^Fl were performed 
as previously described for *fi.sfi (Williams, M.J. et 
al., Siochemistxy 32:7388-7395, 1993). We observed a 
discrepancy in the DNA sequences of the ^ Fl and ^Pl.^Fl clones 
compared to the published sequence of human Fn (Kornbliht, 
A.R. et al., EMBO J. 4:1755-1759, 1985), corresponding to the 
substitution of Val42 for an alanine. We have re-sequenced 
part of the same pHFG Fn clone used to obtain the original 
cDNA sequence of this region of Fn, and found that the codon 
for residue 42 does indeed encode an alanine residue. The 
expression plasmids were constructed from the vector pMA9l 
containing the non- inducible phosphoglycerate kinase (PGK) 
promoter to direct expression (Mellor, J. et al., Gene 24:1- 
14, 1983) . 

The i°Fl expression plasmid was constructed using 
the pSW6 vector with a galactose inducible promoter (Pascal, 
J.C. et al, J. Mol. Endocrinol., 6:63-70, 1991). In this 
case, the DNA fragment was amplified using a sense strand 
oligonucleotide primer with the sequence 5'-T CAG TTA AGC TTG 
GAG AAA AGA GAT GAG TCG TGC TTT GAG CC and an ant i- sense 
strajid primer with the sequence 5'-T TCA GTT GGA TCC TTA AGA 
TGA ATC ACA TCT GAA ATG AC. The sense strand primer encoded 
a Hindlll site (AAG CTT) , followed by six nucleotides from 
the a- factor leader and 20 nucleotides encoding from the N- 
terminus of the ^°F1. Six nucleotides were included upstream 
of the Hindlll site to aid restriction. The anti- sense 
primer encoded as far as the last complete codon of the exon 
encoding the module, followed by a TTA stop codon, a Bam HI 
site and six extra nucleotides. After SamHl/Hindlll 
digestion, the DNA fragment was ligated directly into the 
single Bglli site of the pSW6 yeast expression vector, 
downstream and in phase with the or- factor leader sequence. 
Thia ue^dLGd the Lequiremeiit £or the subcloning step used for 
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Che pMA91 expression vector construction. Competent yeast 
cells {Saccharonryce3 cervisae MC2) were transformed with 
pSW6-^°Fl and selected by their ability to grow on leucine- 
minus medium {Pascal, J.C. et al . , J. Mol . Endocrinol. 6:63- 
5 70, 1991) . Cultures (IL) were grown to a high density in 

baffled flasks for 60 hours at 30**C, using media prepared with 
0.17% (w/v) yeast nitrogen base (without amino acids or 
ammonium sulfate), 0.5% ammonium sulfate, 2% glucose, and an 
amino acid cocktail including uracil and lacking leucine (YNB2 

10 medium) . The cells were centrifuged and each pellet was 
resuspended in 5 ml YNB2 and used to inoculate individual 
baffled flasks containing 1 L of YNB2 induction media, 
supplemented with 1% galactose and no glucose. The cultures 
were shaken for 4 8 hours, before the recombinant ^ ° Fl was 

15 isolated from the supernatant as previously described 

(Williams, M.J, et al, Biochem. 32:7388-7395, 1993). The 
protein was purified by anion exchange HPLC using a gradient 
from 0 to 0.75 M NaCl in 0.01 M Tris, pH 7.5, subsequently 
dialyzed, and further subjected to a single separation by 

20 reverse phase HPLC using a C8 column. (The recombinant 

proteins were eluted as follows: ^°Fl at 0.4 M NaCl from anion 
exchange and 36% acetonitrile [CH, CN) from C8; ^ Fl at 30% 
CH3CN; ^Fl.^Fl at 33% CH3CN; and ^FI.^fi at 28% CH3 CN) . The 
primary structure and purity of each protein was confirmed by 

25 Elect rospray mass spectrometry (ESMS) as described. The 

molecular mass of each recombinant protein was determined by 
the software General Protein Mass Analysis for Windows 
(GPMAW) . The following values were obtained: ^Fl, 6.8 kDa; 
^Fl.^Fl, 11.9 kDa; 'Fl, 5.5 kDa; ^^Fl, 5.2 kDa, ^Fl.^Fl, 10.51 

30 kDa. 
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TABLE V 

Physicocliemical (Characteristics of Certain Rec ombinan t Type 1 
Modules and Proteolytic Fragments of Fibronectin* 



Protein 


Molecular mass 

(Dal tons) 


E2 8 0 (M- ^ cm" ^ ) 


IFl 


S, 807.5 


11,290 


IFl .2F1 


11, 941.0 


21,300 


4F1.5F1 


10,510.0 


27,560 


7F1 


5,496.0 


13,140 


lOFl 


5,166.6 


8,730 


25.9 kDa N- terminal 
proteolytic fragment 


25, 870.0 


63,280 



•Estimate based on amino acid sequence, mass spectrometry and 
computer analysis by General Protein Mass Analysis/Windows 

The ^Fl.^Fl module pair and the ^ Fl module were 
isolated as single homogeneous peaks be reverse phase HPLC. 
However, results from electrospray mass spectometry (ESMS) 
indicated the presence of two similar species in each case. 
The minor species in both samples corresponded to a protein of 
the expected mass, after post- transcriptional modification of 
the NH2 -terminal glutamine residue to a pyroglutamate . It 
should be noted that the mature Fn also has an N- terminal 
pyroglutamate (McDonagh, R.P. et al., Febs. Lett. 127:174- 
178, 1981) . However, the mass of the major species indicated 
that the NH^ -terminal Gin-Ala dipeptide had been cleaved away 
and the new NH2 -terminal Gin residue has in turn been modified 
to a pyroglutamate. Presumably, this post- transcriptional 
event was catalyzed by the native yeast STE13 gene encoded 
dipeptidyl aminopeptidase, )aiown to be involved in the removal 
of Glu-Ala and Asp-Ala dipeptides from the NH2 -terminus of the 
a-factor mating pheromone precurose (Zsebo, K.M. et al., J*. 
Biol. Chem., 261:5858-5865, 1986). Attempts to separate the 
two species for both ^ Fl and ^Fl.^Fl proved unsuccessful. 
However, this staggered NHj -terminus is distant from the 
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beginning of the first type l module consensus sequence 
(approximately 18 residues) and therefore, should not have an 
effect on the integrity of the module itself. Indeed, 
preliminary NMR studies of • Fl and ^Fl.^Fl confirmed that both 
these proteins are homogeneously folded with predominantly 
^-sheet structure, as predicted from the type l "consensus- 
structure. 

■ill'- 

BZAMPLB V 

NMR Structure Determination of the Type 1 Module 

The three dimensional structure of the type 1 module 
has been described (Baron, M. et al . Wature 345:642-646 
(1990)), which reference is hereby incorporated by reference 
in its entirety (Figures 16-21). 

NMR spectra were collected on Bruker 600 mhz and 500 
MHz spectrometers in both D^O and H^ 0 at temperatures of 27»C 
and 39»C zz pH 7.6 (uncorrected meter reading in 0) . Two- 
dimensional NMR experiments were performed using standard 
Bruker microprograms; 64 scans collected with 512 increments 
and 4,096 data points. NOESY spectra were recorded with 
mixing times of 100-300 ms. This spectrum was recorded with a 
mixing time of 300 ms, at a temperature of 27-C; the protein 
concentration was SmM in 20 mM sodium phosphate buffer (pH 
7.6). -I 

In preliminary NMR investigations, a substantial 
conformational change was observed when the protein was 
titrated below pH 7.0, and it was therefore necessary to work 
close to a physiological pH. m spite of the non-optimum pH 
(lower PH is usually used to slow the exchange rate of amide 
protons with the solvent), 42 out of the 48 backbone amide 
protons were identified. Figure liA is a region of a NOESY 
(nuclear Overhauser enhancement spectroscopy) spectrum 
recorded in water at pH 7.6 showing nuclear Overhauser effects 
(NOES) between the backbone amides and the alpha protons 
(through- space connectivities); 144 NOEs were short range 
(>i,i+4), allowing virtually complete sequence- specif ic 
assignment of the protein (two sections of sequential 
assignment are highlighted in Figure 16A) . a further 104 NOEs 
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were long range (>i,i+4), and the distribution of both long 
and short range NOEs is shown in Figure 16B. 

To calculate the three-dimensional structure, a 
combination of distance geometry followed by restrained 
molecular dynamics was used. The experimental input consisted 
of distance constraints derived from the observed NOEs. 

For overlay structure, refinement was carried out 
with the inclusion of 381 experimentally determined distance 
restraints. The two disulfide bonds were also included. 
After preliminary calculations, 23 additional distances 
restraints were added to define hydrogen bonds predicted from 
the identified S- sheet secondary structure (those that were 
flanked residues for which HCa - HCa NOEs were observed, Fig. 
17B) . The hydrogen bond restraints were removed during the 
restrained molecular dynamics stage. NOEs were classified as 
strong (0. 18-0.27 nm) , medium (0.18-0.33 nm) , and weak (0.18- 
0.5 nm) by measuring peak volumes in spectra recorded with 
mixing times of 100, 200 and 300 ms . Distances were 
calibrated to make the range of observed NOE intensities 
internally consistent. Initial structures were generated 
within the program DSPACE (Doolittle, Trends Biochem. 
Sci. 10:233-237 (1985)) by distance geometry (e.g., similarly 
as in Havel et al., Bull. Math. Biol. 45:665-720 (1983); 
Havel et al., J. Theor. Biol. 104:383-400 (1983); Crippen, J. 
Comput. Biol 24:96-104 (1977)). Ten embedded structures were 
generated and then refined interactively (e.g., similarly as 
in Weber et al . , J. Molec. Biol. 204:483-487 (1988)) within 
DSPACE using a combination of conjugate gradient minimization, 
coordinate randomization, and simulated annealing until the 
r.m.s. error due to the distance restraints was below O.lnm. 
The ten partially refined structures generated with DSPACE 
were transferred to full potential, restrained dynamics within 
the program XPLOR (Brunger X-PLOR Manual, Yale University 
Press, New Haven, CN, 1988; Brunger et al . , Science 235:458- 
460 (1987); Brunger et al . , Protein Eng. 1:399-406 (1986)). 
The dielectric constant used within the coulombic potential 
was set to 80, and the explicit hydrogen bond potential 
restricted to backbone HN and O atoms only. The distance 



wo 96/04304 



70 - 



PCT/US95/098i9 



10 



15 



20 



30 



restraints were incorporated as square well potentials with 
force constants of 1740 kJ mol'inm-^ for long-range and short- 
range restraints, and 420 kJ mol-irnn-^ for intraresidue 
restraints. The structures were first energy minimized for 
400 cycles and then subjected to 2 ps of 27 »C restrained 
dynamics with a time step of 0.0005 ps followed by 20 ps of 
restrained molecular dynamics at 27<»C with a time step of 
0.001 ps. The structures were finally energy minimized. 

Ten separate structures were calculated (Figure 
17A; Table VI); the final backbone structures are shown in 
Figure 17A. Figures 19-21 are schematic diagrams of the 
secondary structure in which the type i consensus residues 
(determined by alignment of the human type 1 sequences in 
Figure 18) are highlighted. 



TABLE VI Strupr-iiT-al Sta^■^ia^-■•^« 



Range 



R.m.s. coordinate deviation from mean 

coordinate positions (nm) ^ 

Backbone atoms (Ca, C, N, 0) 0.0774 0 0762 

All atoms (excluding hydrogens) 0.1318 0.0489 



R.m.s. deviation from exptl restraints (nm)^ 

All:(381) 0.0254 

Long range (> i,i+4) (104) o 0053 

Short range (< i,i+4) (144) 0.0100 

25 Intra residue (133) o 0416 



0.0027 
0.0015 
0.0018 
0.0043 



R.m.s. deviations from idealized geometry^ 

Bonds (nm) (724) q.OOIO 0.0001 

Angles (deg) (1.292) o.3060 0.0182 

Impropers (deg) (241) 0.0349 



0.0081 



Potential energies (kJ mol" ^ ) 



pTo^ 611.15 130.84 

iBond 38.69 10.81 

745.75 88.40 

pOihifi 616.73 118.07 

*laptop»r 18.47 8.35 

-876.62 123.71 

l^^-' ■■ -53.61 14.33 

f_HBOH0 -157.88 57.87 

^NOE 266.33 35.59 
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The statistics refer to the ten final structures (Figures 
12A,B) . Values in parentheses refer to the numbers of terms 
included. 

^The r.m.s. coordinate deviation describes only residues 7- 
4 8 because of an almost total lack of restraints for the 
first seven residues. 

2 The r.m.s, deviation from experimental constraints refers 
effectively to deviations greater than the experimental 
distances restraints, as the chosen lower bonds are 
coincident with the sum of atomic volumes. Nujnbers in 
parentheses refer to the number of restraints in each 
category. 

^The idealized geometry refers to that used within XPLOR. 
Figures in parentheses refer to the nximber in each 
category. Improper torsion potentials maintain chirality 
and Dlanarity, including the trans peptide bond. The two 
disulfide bridges are included in the total potential as a 
combination of bond angle and improper terms. 

*The F values refer to the energies of the final structures 
calculated using the CHAEMM empirical energy functions, 
TOT is the sum of the partial potential energies present in 
the final sti^ccures; BOND, ANGLE, DIHEDRAL, and IMPROPER 
are energies describing the covalent geometry of the 
molecule. ELEC is the coulombic electrostatic energy 
calculated using a dielectric constant of 80; VDW is the 
Lennard- Jones, Van der Waals' energy; HBOND is the energy 
contribution from the explicit hydrogen- bond term; only the 
backJDone HN and O atoms were included in this term; NOE is 
the energy due to violations of the upper bond limits of 
the experimental distance restraints. The potential used 
is the square-well potential with a force constant of 1740 
kJ mol"inm'2 for long- and short-range distance restraints 
and 420 JcJ mol" ^ nm" ^ for the intra-residue restraints. 



The dominant structural feature of the module 
consist of two anti-parallel S-sheets, which is consistent 
with work on intact fibronectin using infrared spectroscopy 
(Kotetiansky, et al., Eur J". Bioch. 119:619-624 (1981)). 
Residues lie 8-Thr 11 form a small double- stranded anti- 
parallel S- sheet with Val 15-Arg 18. The turn between Thr 11 
and Val 15 is relatively poorly defined because the amide 
protons of Asn 12 and Glu 13 are not observed and so 
measurement of the dihedral angles was not possible. A loop 
search of the Brookhaven protein structure data base found 
that the turn resembled a type 1 conformation. 
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Following Arg 18, there is a short loop down into 
the first styand of the triple- stranded anti -parallel S- sheet 
and, within this loop, there is a conserved glycine residue 
(at position 20) . The triple -stranded S-sheet is composed of 
strands Asp 2l-His 27, His 3l-Cys 37 and Trp 45-Ile 48. The 
close proximity of His 27 and His 31 on the same surface of 
the fi- sheet can explain the dependence of the structure on pH. 
as the conformational change occurs concomitantly with the 
titration of these histidines. The turn between His 27 and 
His 31 is well-defined by NOEs between the side chains (the 
amide protons of Asp 28 and Met 29 were not observed) . The 
turn was found to be of type 1, with a highly conserved 
glycine (Gly 30) a in left-handed helical conformation 
(Sibanda et al . , J. Molec. Biol. 206:759-777 (1989)). 

The definition of the turn with respect to the 
remainder of the g- sheet is, however, less well-defined. The 
large turn between the second and third strand of the main S- 
sheet is not highly restrained by experimentally observed NOE 
interactions, but seems to be. a wide loop that shows 
considerable flexibility in restrained molecular dynamics 
simulations. 

The ^-sheets both have a right-handed twist and 
are stacJced on top of one another, enclosing a hydrophobic 
core consisting of three highly conserved aromatic residues 
(Tyr 17, Trp 23 and Trp 45) and the two consensus disulfide 
bonds (Figure 17B) . The disulfide bridge between the first 
and third cysteines links the two S-sheet subdomains, and the 
disulfide bridge between the second and fourth cysteines links 
two adjacent strands of S-sheet. 

Knowledge of this structure allows the prediction of 
those of the other type l modules that can have fibrin -binding 
activity and a more accurate alignment of the type i sequences 
than by sequence comparison alone. There are also 
implications for the way the modules can link together. The 
type 1 module occurs 12 times in fibronectin, in three 
clusters; six occur contiguously at the N- terminus, three more 
follow two type 2 modules and a further three are found at the 
C- terminus. The module is rather elongated, with overall 
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dimensions of approximately 1.7 nmx 1.6 runx 3.2 nm. 
Dimensions of approximately 2-2.5 nm x 120 nm have been 
obtained by electron microscopy (Odermat et al., J. Molec 
Biol. 159:109-123 (1989)) for the intact fibronectin dimer. 
The dimensions of the single module are therefore consistent 
with an "end- to- end" model for linking the type 1 structures 
together, although other microscopy studies (Koteliansky et 
al. Eur. J. Biochem 119:619-624 (1981)) have indicated a more 
globular structure. 

All the linker sequences between pairs of type 1 
modules are short, apart from that between the fifth and sixth 
repeat. It is therefore interesting that, as both the N- and 
C- terminal residues of each repeat lie in a fi- sheet, there is 
the possibility that they could link together through a common 
fi-strand. With five of the type 1 pairs (2-3, 3-4, 4-5, 8-9, 
and 10-11), if there were a common ^-strand, it would pass 
directly from the C- terminal sheet into the N- terminal 
^ -sheet of the following module. In the remaining type 1 
pairs, the presence of additional residues in the linking 
sequences increases the range of conformations that can be 
modelled. 

The type 1 module also occurs in Factor XII and in 
tPA. In Factor XII. it is sandwiched between two epidermal 
growth factor {EGF)-like modules, and in tPA it occurs at the 
N- terminus of the molecule adjacent to an EGF-like module. 
Like the type 1 module, the N- and C- terminal strands of EGF 
lie in )5- sheets such that the type l module could also link 
into the EGF-like modules via a common ^-strand. 

Comparison of the type 1 sequences shows that those 
residues buried in the core of the structure are highly 
conserved, whereas those exposed to the solvent are both 
"variable and predominantly hydrophilic, suggesting that these 
residues are also exposed to solvent in the intact molecule. 
One interesting exception is the type 1 module of tPA. In 
this case, the lower surface of the principal ^- sheet (the 
surface opposite to that which interacts with the minor sheet) 
has a large hydrophobic area consisting of Leu 22, Pro 24 and 
Leu 26 on the first strand, Val 31, Tyr 33 and Trp 35 on the 
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second, and Val 4 6 and Val 4 8 on the third (nuinbering vd:th 
respect to mature tPA) . This is in contrast to the opposing 
surface which has a number of hydrophilic residues (Arg 27, 
Arg 30, Glu 32, and Ser 45), It is possible, therefore, that 
the hydrophobic surface is shielded from the solvent in the 
intact molecule by interacting with one or more of the other 
modules of tPA. 

The dominant feature of the structure consists of 
two anti -parallel ^-sheets which are stacked on top of one 
another in a sandwich- like arrangement. At the N- terminus 
there is the minor double stranded sheet whose length extends 
for about 1/2 of the module. The chain then loops down in a 
turn leading into the first strand of the major triple ■ 
stranded anti -parallel ^- sheet. This major sheet extends 
15 virtually for the whole length of the module and thus makes 

the module somewhat . elongated with dimensions of approximately 
1.7nmXl.6nmX3.2nm. Between the second and third strands 
of the major ^- sheet there is a large, apparently flexible 
loop which, in the majority of Fl module sequences, contains 
an unusual Gly X Gly X Gly sequence. Between the stacked p- 
sheets (i.e, the -sandwich filling"), there is a hydrophobic 
core (Figure 17B) . 

A main question raised by such modelling studies is 
determining how the modules link together. One way of 
25 investigating these linkages is by extension of the 

methodology described herein to the investigation of pairs of 
covalently linked modules. This is described in Williams et 
al, J. Molec. Biol., 235: 1302, 1991. Improved structural 
models of mosaic proteins are important for the understanding 
of the structure/function relationships aided by the design 
and interpretation of module swapping and site- specif ic 
mutagenesis experiments. 

EXAMPLE VI 

35 Measurement of Pibrin-BinddLng Activity 

a.) Fibrin Affinity Chromatography of li kDa FBP. 

1. Fibrin affinity chromatography of proteolytic 
fragments. The 11 kDa peptide of fibronectin (or 25.9 kDa 
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peptide) and genetically engineered and expressed proteins of 
fibroneccin type I repeat modules are subjected to fibrin- 
SEPHAROSE^" chromatography as described above. Incubations 
are performed at 4^C to promote binding, based on the 
5 observation that at 4' , 60% of 11 kDa peptide applied to the 
column re-bound to fibrin- SEPHAROSE^" , whereas, at 37*>C, only 

49.5% re-bound (using 50% ethylene glycol as the previously 
improved elution buffer) • 

The fibrin-binding activity of the proteolytically 

10 derived 25,9 kDa fragment of Fn was determined by its ability 
to bind to a fibrin affinity matrix. The 25.9 kDa proteolytic 
fragment was solubilized in l ml of FEB and combined with 1.5 
ml of fibrin- Sepharose . Based on the calculation of the 
efficiency of coupling of fibrinogen to the Sepharose beads 

15 and the loss in molecular weight following conversion of the 
cross-linked fibrinogen to fibrin (M«340 kDa) , 20 nmoles of 
fibrin were coupled to 1.5 ml of Sepharose beads. Fibrin 
affinity chromatography was performed as described above for 
the purification of the 25.9 kDa fragment from Fn digested 

20 with subtilisin, FBB was used to equilibrate and wash the 

column. Following warming of the column to 22 ®C, the column 
was washed with FBB until absorbance at 280 nm (Aj a p ) was less 
than 0-01, and bound protein eluted with 0.05 M Tris-HCl, 0.5 
M NaCl, 6 M urea buffer, pH 7.6. 

25 The 25.9 kDa fibrin binding fragment demonstrated 

heterogeneous binding behavior. Although the 25.9 kDa fibrin 
binding fragment was previously isolated using fibrin- 
Sepharose affinity chromatography, only a portion of this 
protein applied to the fibrin- Sepharose was a±)le to bind, 

30 using exactly the same conditions that were used for its 

purification. Based on the protein concentration determined 
by absorbance at 280 nm, 25% of the proteolytic fragment 
applied (500 fig) was retained by the affinity matrix. A 
heterogeneous behavior of fibrin binding of the 25.9 kDa 

35 peptide was also found in the bound material, since two 
fractions were eluted from the matrix under different 
conditions. A fraction that represented approximately 8% of 
the protein applied to the fibrin-matrix eluted upon 



( 

wo 96/04304 



( 

7S - 



PCTAJS95/098I9 



equilibrating the column to room temperature and in an- effort 
to remove all protein remaining bound to the column, the 
residual 25.9 kDa was recovered following elution with 0.05 M 
tris-CHL, 0.5 M NaCl, 6.0 M urea, pH 7.6; this represents 
approximately 17% of the protein that was originally applied 
to the matrix. Based on Laser desorption mass spectrometry 
(LDMS) , and as shown by the SDS-PAGE, no heterogeneity with 
respect to molecular mass between the unbound and bound 
fractions of the 25.9 kDa fragment was observed. If the 
unbound fraction was reapplied to a separate f ibrin-af f inity 
matrix, identical binding characteristics were obtained as 
described above. The same percent of 25.9 kDa bound to the 
fibrin- Sepharose and was eluted in each fraction, suggesting 
that the protein binding is in equilibrium. Moreover, 
increasing the amounts of the 25.9 kDa applied to a fixed 
volume of fibrin- Sepharose, continued to show that only 25% of 
the tote- protein applied was retained by the fibrin matrix. 
This i.-.dicateo that all the sites on the fibrin matrix were 
not s£-. -.-aced by the protein applied. 

2. Fibrin Affinity chroBoatography of the *Pl.spi 
type 1 module. The *F1.5F1 module pair was cloned and 
expressed as described above. 

The *F1.*F1 module pair was subjected to fibrin- 
affinity chromatography to test fibrin -binding function. The 
module (500 /xg/1.0 ml) was incubated for 4 hours (while 
rotating) at 40c in the presence of 1.0 ml fibrin- SEPHAROSE^" 
(5 mg fibrin/ml SEPHAROSEr" beads) equilibrated .in 50 mM Tris- 
HCl, 0.1 M NaCl buffer, pH 7.6. The mixture was poured into a 
column and after washing unbound protein with 50 mM Tris, O.iM 
NaCl, pH 7.6 buffer (EBB), the ^Pl.^Fl, retained by the 
affinity matrix, was recovered as described for the 25.9 kDa 
proteolytic fragment. 

The 'Fl and the lopi recombinant modules did not 
bind to the Fibrin -Sepharose. These results suggest that the 
fibrin binding activity found in the 25.9 kDa proteolytic 
fragment is contained only in the 4th and 5th type 1 modules. 
Although 6.0 M - 8.0 M urea was the buffer previously 
described for complete elution of intact Fn and fibrin binding 
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fragments of Fn from fibrin affinity matrices (13, 14, 16-19, 
22) , to gain further insight into the binding interaction 
between the ^Fl.^Fl module pair and fibrin, it was also 
important to determine whether ^Fl.^pi could be eluted with 
less stringent buffers- In a separate experiment (data not 
shown), the *F1.^F1 that remained bound to the fibrin- 
Sepharose following warming of the column to 22*^0 (18% of the 
total protein applied), could not be eluted with 1.0 M NaCl. 
However, 1.0 M urea and finally 2.0 M urea eluted all the 
remaining bound ^Fl.^Fl. Thus, the higher molarity urea 
buffer (6.0 M) urea was not necessary to remove all the bound 
*F1.5fi from the fibrin matrix. These data may imply that the 
fibrin-binding interaction of Fn may involve both hydrogen 
bonding and hydrophobic interactions. 

3. Binding of ' ^ S-methionine labeled rec ombinan t 
*F1.^F1 and ^**Fl-end from Fn to fibrin- SEPHAROSE. Recombinant 
proteins from both the N- terminal and C- terminal fibrin 
binding sites of the Fn molecule were expressed by 
transfection into ^^s-labeled (methionine) COS cells, as 
described by Schwarzbauer, J"- Cell Biol 113 : 1463-1473 and 
Sottile et al, J. Biol. Chem. . 266:12840-12843, (1991) and 
their fibrin-binding activity determined by affinity 
chromatography experiment. The ^ ^ s-methionive labeled protein 
from the N- terminal site was a 10.5 kDa protein that comprised 
the *F1.^F1 modules (^Fl.^Fl). The 35 S-methionive labeled 25 
kDa recombinant protein from the C- terminal fibrin binding 
site of Fh expressed by the COS cells commenced in the ^ Fl 
and extended to the end of the molecule (^^Fl-end). For the 
affinity chromatography experiments each of the cell culture 
supernatants that contained the separately expressed proteins 
(1.5 ml) were combined with 0.4 ml of a fibrin -SEPHAROSE 
affinity matrix and incubated overnight at 4 C with end over 
rotation. Upon removal of the supernatant by cent rifugat ion, 
the matrices were washed extensively with FBB (10 times with a 
0.5 ml wash volume each ); after each wash the matrices were 
centrifuged and the supernatants removed. Following warming 
of the affinity matrices to 22'>C the fibrin- SEPHAROSE beads 
were washed with FBB in the same way as described above, and 
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bound proteins eluted with 0.05 M Tria-HCl, 0.5 M NaCl, 6 M 
urea buffer, pH 7.6. Aliquots (50 ul) of each fraction was 
counted in a LS 6000 Scintilation Counter, the corresponding 
fractions pooled, and analyzed by SDS-PAGE followed by 
autoradiography. The autoradiograms were exposed for two 
weeks and scanned with a gdi Desktop Scanner. Image 
processing and band quantitation of the recombinant proteins 
that bound to fibrin- Sepharose was assessed by Quantity One, a 
software for the analysis of 1-D gels. As a control, to 
indicate the relative level of expression of the recombinant 
proteins and to confirm their position in the autoradiograms, 
an aliquot of each COS cell culture supernatant was 
immunoprecipited with an anti- f ibronectin antibody and 
compared with the ^ss-labeled proteins retained by the fibrin 
15 affinity chromatography matrices by SDS-PAGE and 

autoradiography. For the immunoprecipitation of 'Fi.^Fl and 
^<'Fl-end:0.2 ml of Che 35-S-methionive laveled culture 
supernatants derived from the transfected COS cells were 
combined with 20 ul of a polyclonal anti-Fibronectin antiserum 
(R39) and 40 ul of Protein A-sepharose (Sigma), and rotated 
overnight at 4'C. The Protein A-Sepharose beads were 
separated by centrifugation, washed two times with Tris- 
buffered saline, resuspended in Laemmli sample buffer and 
applied to SDS-PAGE. 

25 Figure 24 illustrates the binding of ' * S-methionine 

labeled recombinant modules from both the N- (*F1.*F1) and C- 
terminal (i°Fl-end) fibrin binding sites of Fn to fibrin- 
SEPHAROSE affinity matrices. Fig. 24A shows the bound *F1.5fi 
protein and Fig. 24B shows the bound ^OFl-end. The results of 

30 the autoradiograms are represented by the graphs which 

indicate the image analysis of the bound recombinant proteins. 
The recombinant proteins retained by fibrin -SEPHAROSE that 
were released from the affinity matrix upon warming to 22 »C 
were compared to that which eluted from the f ibrin-SEPHAROSE 

35 with 0.05 M Tris-HCl, 0.5 M NaCl, 6 M urea buffer, pH 7.6. 

Image analysis of the recombinant proteins that were 
retained by the affinity matrices, allowed the quantitation of 
the optical density of the respective bands (as shown in the 
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right panels of Figure 24A, B) . Comparison of panel A with 
panel B indicates that the ^Fl.^Fl recoi^binant protein (panel 
A) from the N- terminus of Fn is released almost entirely by 
warming the column to 22» C (88%) while the lopi-end showed 
that only 35% of the protein bound was released by increasing 
the temperature to 22 °C. The remaining 65% required 6 M urea 
in 0.5M NaCl, 0.05M Tris for elution. Therefore, the relative 
affinity for fibrin of the recombinant proteins tested appears 
to be different. The *Fi.*Fi representing the N- terminal 
binding site of Fn indicates the lower affinity for fibrin 
since it was almost entirely (88%) released from the affinity 
matrix by a shift of temperature from 4'C to 22'»C. The 
lopi-end, that comprises the C-terminal fibrin binding site of 
Fn, demonstrated a higher relative affinity for fibrin since 
65% of the recombinant protein bound to the fibrin affinity 
matrix and required denaturing conditions for elution (0.5 M 
NaCl, 6 M urea). Thus, the recombinant proteins from both the 
N- and C-terminal fibrin binding site of Fn indicate a 
relative affinity for fibrin consiatanc with that described in 
this invention for the proteolytic fragments containing the 
respective binding sites (the 25.9 kDa from the N- terminal and 
the 11 IcDa from the C-terminal). 



b.) ELXSA. 

Inmunizatioii of rabbits auad preparation of antiserum 
to the 11 kDa filirin-bindlng peptide. Twelve -week old New 
Zealand white rabbits were immunized with an initial injection 
of 100 ng of the 11 kDa peptide in 0.37 fil of PBS emulsified 
with an equal volume of RIBI adjuvant (Immunochemical 
Research, Inc., Hamilton, MT) . The rabbits were boosted every 
two weeks with 0.50 Aig/0.185 fil of sterile PBS without 
adjuvant. After six weeks (3 boosts) , a test bleed was 
obtained and antibody titer assessed by ELISA using 50 ng/100 
111 of the 11 kDa peptide to coat the microtiter plates. 
Preparation of the microtiter plates and ELISA assay are 
described below. When good titer of the antisera was 
achieved, aibout 1.0 Absorbance units at 410 nm (A, with a 
1:1,000 dilution, the antiserum was purified by affinity 
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Chromatography on a column containing 10. 0 ml of gammabind g^" 
Agarose (Genex Corp.) equilibrated in 0.01 M phosphate. 0.15 m 
NaCl, pH 7.0. The IgG fraction was eluted with O.IM glycine- 
HCl, pH 2.5. The yield was 12.5 mg/ml of rabbit IgG. 

1. Direct Binding of PiJbronection and the 11 KDa 
PBP. The preparation of fibrin coated microtiter plates was 
adapted from a method described by Christman et al., Biochijn. 
Biophys. Acta. 340:339-347 (1974) and UnJceless et al . J. 
Biol. Chem. 249:4295-4305 (1974). Microtiter (Immulon) plates 
were coated with fibrinogen at a concentration of 50-1000 
ng/well/O.i ml of Tris buffered saline (TBS). The plates were 
dried for 24 hours at 37»C and 0.1 ml of thrombin (20 NIH 
units/100 ml) containing TRASYLOL^" (aprotinin) (400 K.I 
units/100 ml) in TBS was added to each well and the plates 
incubated for 2 hours at 37«C. Each well is washed one time 
with PBS and the plates are bloOced for 1.5 hours with 1% BSA 
in TBS to prevent non-specific binding, a constant 
concentration of fibronectin and the 11 IcDa fibrin-binding 
polypeptide (500 ng/O.l ml) in 50 mM Tris-HCl, 0.1 M NaCl, pH 
7.6 (FBB) were incubated separately with fibrin coated 
microtiter wells (50-1000 ng) for 1 hr at room temperature 
(23»C). 

The wells were washed three times with FBB 
containing 0.05% Tween 20 (FBBT) and incubated for 1 hour with 
0.05 ml of the a polyclonal anti- fibronectin antiserum 
(Calbiochem) or the purified IgG fraction of anti -11 icDa 
rabbit antisera, respectively, at a concentration of 1 ^tg/ml 
in FBBT containing 0.1% BSA (FBBT/BSA) . Following three 
washes with FBBT. the wells were incubated with 0.05 ml of 
allcaline phosphatase labeled goat anti- rabbit IgG (TAGO) at a 
concentration of 2 /tg/ml in FBBT/BSA, for 1 hour. The 
reaction was developed with 0.05 ml of mg/ml p-nitrophenyl 
phosphate (Sigma phosphatase substrate tablets) in 10% 
diethanolamine, pH 9.8 containing 1 mM MgClj . Binding was 
assessed spectrophotometrically using a Dynatech ELISA plate 
reader (MR600) at 410 nm. The results are shown in Figure 
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As observed, both the intact fibronectin and 11 kDa 
fibrin -binding peptide bound to the fibrin- coated wells in a 
concentration dependent manner (Figure 6) . The binding varied 
directly with the concentration of fibrin on the plate. 
Maximum binding occurred with approximately 500 ng of 
fibronectin and 500 ng of 11 kDa peptide per 550 ng of fibrin. 
On a mole-per-mole basis 20 times more of the 11 kDa peptide 
bound than intact fibronectin. 

In general, if there is an antisera available to the 
polypeptide being tested for fibrin binding, such as the 11 
kDa peptide in this case, a direct binding assay can be 
performed, as was done here. 

If there is no antibody available to a fibrin- 
binding peptide, a competitive inhibition assay must be 
performed to test binding. In this case, the test polypeptide 
is incubated with either intact fibronectin or the 11 kDa 
peptide or a known fibrin-binding peptide (FBP) for which a 
specific antibody is available, at various concentrations, for 
an appropriate time period (usually one hour) , and inhibition 
of binding is determined. If intact fibronectin is used, only 
partial inhibition of binding will be observed due to the 
presence of two fibrin- binding sites (i.e. fibronectin will 
bind via the unblocked site) . Alternatively, the test peptide 
can be applied to the fibrin on the plate for a certain time 
period and inhibition of fibronectin binding assessed by 
adding the fibronectin, or other known fibrin-binding protein, 
after the test peptide has been allowed to bind. The test 
peptide will inhibit binding of the known fibrin-binding 
protein if it possesses fibrin-binding biological activity. 

2. Inlxlbition of fibrin binding by antibodies. 
Figure 7 shows the results of an ELISA inhibition assay of 
fibronectin binding to fibrin, using antisera specific for the 
N- terminal domain of fibronectin and for the 11 kDa peptide. 
Fibronectin (150 ng/0.05 ml) was incubated overnight, at 4®C, 
with various dilutions of: (1) a mouse mAb (0.1- 100 ;ig) to 
the N-terminus of fibronectin (Mallinckrodt , N-288) ; and (2) a 
mixture of the N-288 antibody and a purified IgG fraction of 
polyclonal antiserxim (0.1-100 /xg/0.05 ml) against the 11 kDa 
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peptide described above. Fibronectin mixed with antibody was 
applied to the microtiter plates precoated with fibrin (100 
ng/well, prepared as described above) and reacted for 1 hour 
at room temperature. Bound fibronectin was quantitated as 
5 described above. Results are expressed as percentage of 
fibronectin bound compared with controls incubated with 
fibronectin that was not preincubated with the antisera. 

3. Competitive Inhibition of Fibronectin binding to 
fibrin by type 1 recombinant modules. Fibrin-binding activity 

10 was also assessed by an ELISA. Fn was reacted with fibrin- 
coated microtiter plates and bound Fn was determined by 
incubation with a polyclonal rabbit anti-Fn antiserum followed 
by alkaline phosphatase • labeled anti- rabbit Ig. As indicated 
by Figure 22A, the binding of Fn to fibrin was concentration 

15 dependent and reached saturation at approximately 200 ng of Fn 
(4.54 nM) to 200 ng of fibrin (5.88 nM) . Thus, on a mole-per- 
mole basis, assuming complete attachment of all the fibrinogen 
applied to the polystyrene plate, total proteolytic conversion 
to fibrin, and accessibility of the binding sites, 0.8 moles 

20 of Fn per mole of fibrin were required to achieve maximum 

binding (assuming a molecular weight of 340 3cDa for the fibrin 
hexamer and 440 kDa for the Fn dimer) . 

The recombinant Fn modules were used to inhibit the 
binding of Fn to the fibrin- coated microtiter plates. The 

25 inhibition of Fn binding to fibrin by the addition of 

increasing concentrations of each module was studied at a 
concentration of Fn (100 ng or 2.3 nM) and fibrin (200 ng) at 
which 75% of the maximum binding was achieved in a direct 
assay, as shown in Figure 22A. As illustrated in Figure 22B, 

30 the *F1.^F1 module competitively inhibited Fn binding to 

fibrin in a dose dependent manner. Fn binding to fibrin was 
decreased to 50% by a concentration of 750 nM (325 molar 
excess) of the ^Fl.^Fl module. Maximum inhibition was 
achieved at a concentration of 10 fiM (5,000 molar excess) of 

35 the ^Fl.^Fl module. At this saturating concentration, the 
binding of Fn to fibrin was inhibited by 70%. In contrast, 
the ^Fl, 1F1.2F1, 'Fl, and ^^Fl recombinant Fn modules only 
slightly inhibited the binding of Fn to fibrin (<20%) , This 
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corresponded to a 5,000 and 50,000 molar excess, compared to 
Fn for the ^Fl.^Fl and ^Fl, respectively. Thus, in 
corroboration with the results obtained by fibrin affinity 
chromatography, of the fibronectin type 1 modules tested, only 
the *F1.^F1 recombinant protein demonstrated specific fibrin- 
binding activity^ Furthermore, the ^Fj.^F^ showed greater 
inhibition of fibronectin binding than the t-PA tpye 1 module 
(70% compound to 55%) . 

In summary of these results, the type 1 repeat 
modules that do not contain the fibrin-binding sequence do not 
demonstrate fibrin- binding activity. The *F1.^F1 module pair 
blocked the binding of fibronectin to fibrin (36%) to 
approximately the same degree as the an antibody specific for 
the N- terminal fibronectin domain (40%) . These results can 
imply that the *F1.^F1 module pair can possess full fibrin- 
binding activity because, this module pair completely 
inhibited the N- terminal fibrin-binding site in fibronectin 
(represented by the 25.9 kDa fragment) from binding to fibrin. 

Certain Fn type 1 repeat modules of the present 
invention possess fibrin-binding activity, and the three 
dimensional structures of all twelve are discovered to be 
substantially similar. However, modules without fibrin- 
binding activity are discovered not to be biologically active 
in fibrin binding. Competitive ELISA established that the 
first, second, fifth, seventh, and tenth genetically cloned 
type 1 repeat modules possess little or no fibrin-binding 
activity (between 0 and 20% -at higher molar concentrations) 
(Figure 22B and 23B; each module was caused to compete 
separately with intact Fn for binding to fibrin). The ^-Fl.^Fl 
module pair showed better competitive binding activity than 
the t-PA module (30% inhibition compared to 45%) . 

4. Direct binding of biotinylated Fn to fi±>rin. 
Since the anti-Fn detection system described for the ELISA 
above could not be used in Fn competition assays employing the. 
intact Fn molecule or the 25.8 )dDa proteolytic fragment, 
purified Fn was biotinylated using water soluble NHS-LC-Biotin 
(Pierce Chemm. Co.; according to the manufacturer's 
instructions) and binding to fibrin detected by alkaline 
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phosphatase conjugated streptavidin (diluted 1/500 in 
FBBT/BSA) for 1 hour at 22 'C. followed by the addition of p- 
nitrophenyl phosphate, as described above. To ensure that the 
biotinylation of the Fn had not affected its ability to bind 
to fibrin, fibrin- binding activity was tested by incubating 
increasing concentrations of biotinylated Fn (10-300 ng/O.l ml 
FEB) with the fibrin- coated wells (200 ng) and detected (see 
Figure 23A) using alkaline phosphatase -conjugated streptavidin 
and the reaction developed as described for Direct Elisa. As 
depicted in Figure 23A, the biotinylated protein exhibited 
identical fibrin-binding characteristics as the non-labeled Fn 
molecule, detected with anti-Fn antibody as shown in Figure 
22A. In both experiments saturation of binding was achieved 
with 4.5 nM (200 ng) of Fri reacted with 5.88 nM of Fn (200 ng) 
on the plate. 

5. Competitive inliibition of biotinylated 
fibronectin to fibrin by unlabeled intact Fn. the 25.9 kDa 
NHj- terminal proteolytic fragment, and recombination type I 
modules. TO compare the relative fibrin -binding affinities of 
the 'F1.5F1 recombinant module pair and the 25.9 )cDa 
prc-eolytic fragment (iFi-»Fi) with that of the native Fn 
mc- rale, these purified proteins were competed with 
bi=i^nylated plasma Fn for binding to fibrin coated wells and 
the extent of inhibition of binding assessed by incubation 
with alkaline phosphatase -conjugated streptavidin. 
Competitive inhibition of biotinylated Fn binding to fibrin 
coated microtiter wells was performed at a concentration of 
biotinylated Fn that achieved 75% saturation (lOO ng 
biotinylated Fn/200 ng fibrin-coated wells, as derived from 
the saturation curve obtained above. Figure 23A) . 
Biotinylated Fn (100 ng/O.l ml FBB: 2.3 nM) was combined with 
increasing concentrations (O-lO ;xM) of either unlabeled Fn, 
the 25.9 kDa proteolytic fragment, or the separate *F1.sfi! 
and lOFl recombinant modules and incubated with the fibrin- 
coated microtiter wells for l hour at 22«>C. Protein 
concentrations for the 25.9 kDa fragment and the recombinant 
type 1 modules were determined using molar extinction 
coefficients at 280 nm (M* » cm" S 280 nm) that were calculated 
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by the software GPMAW. The values are: 6.3 x 10* for the 
25.9 kDa fragment, 2.7 x 10* for the *F1.^F1, 2.1 x 10* for 
the ^Fl.^Fl, and 8.7 x 10* for the i°Fl. Bound biotinylated 
Fn was quantitated as described above. The results are 
presented as the percentage of control of biotinylated Fn 
binding in the absence of the competitive inhibitor. As 
illustrated in Figure 23B, each of these fibrin-binding 
proteins demonstrated a dose dependent inhibition of 
biotinylated Fn binding to fibrin. In contrast, the non- 
fibrin-binding recombinant modules, ^°F1 and ^Fl.^Fl module 
pair, inhibited biotinylated Fn by 10 and 15%, respectively, 
corroborating the results indicated in Figure 22B. Complete 
inhibition of binding of biotinylated Fn (2.3 nM) required a 
1000 molar excess of unlabeled Fn (2.2 /xM) ; the IC5 o was 20 nM 
(8.7 molar excess). Due to the fibrin-binding activity in the 
COOH- terminus of Fn, the 25.9 kDa proteolytic fragment and the 
*F1.^F1 would not be expected to achieve 100% inhibition of 
binding. As shown in Figure 23B, the 2 5.9 kDa fragment and 
the *?1.^F1 den^.cnstrated Tuacci.T.al i;:hibiticn of biotinylated Fn 
binding to fibrin by 75% and 67%, respectively, with 10 /xM of 
each protein (5,000 molar excess). Fifty per cent inhibition 
of binding of biotinylated Fn to fibrin was obtained with a 
concentration of 150 nM of the 25.9 kDa proteolytic fragment 
(65 molar excess) and 700 nM of the ^Fl.^Fl than the 25.9 kDa 
proteolytic fragment was required to inhibit biotinylated Fn 
binding to fibrin (ICso)^ it can be ascertained the 
proteolytic fragment containing the ^F1-*F1 type 1 modules 
interacts with fibrin with higher affinity than the ^Fi.^Fl. 
Based on the IC50 valves and employing the equation of Cheng 
and Prussoff (Biochemical Pharmacology 22, 3099-3108, 1973) 
the KI values were estimated as 145 nM for the N- terminal 
proteolytic fragment and 695nm for the *F1.5F1 module pair. A 
7.5 fold higher concentration of the 25.9 )cDa fragment over 
intact Fn was needed for 50% inhibition of binding of 
biotinylated Fn, presximably, as described above, due to the 
greater binding capacity of the intact Fn molecule provided by 
both fibrin- binding sites. It is noteworthy, that the maocimum 
degree of inhibition achieved, as well as the concentration of 
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the *F1.5fi required to produce 50% inhibition of Fn-binding 
to fibrin, are equivalent to the results shovm in Figure 22B. 
Since the ^"Fi module is one of the three type i repeats in 
the COOH- terminus of Fn that could have potential for fibrin 
binding, it did not, as a single module, exhibit fibrin- 
binding. 

c.) Fibrin Clot Assays 

1. Histological examination of FBP's binding to 
fiirin clots. A more physiological method of detecting fibrin 
binding is to test the binding to prepared fibrin clots and 
subsequently examine the clot, histologically. The fibrin- 
binding peptide (FBP) is labeled with either fluorescein by 
the method of Dickler, J. Exp. Med., 140:508 (1974) or by 
radiolabeling with iodine i^^Iodine. The method for fibrin 
15 clot formation is described by Thorsen et al . , supra). 

Briefly, a mixture of 0.2% bovine plasminogen- free fibrinogen 
is incubated with thrombin in saline barbital buffer (SBB) and 
the fibrin is separated from the solution by winding on a 
glass rod at room temperature. All fluid is released from the 
20 clot by pressure and the clot inc\ibated with the labeled 

fibrin-binding peptide for various periods of time. Following 
gentle washing of the clot in SBB to remove unbound labeled 
protein, the clot is quickly frozen at -20»C, cut to 6-8 
microns thick in a cryostat (Ames) , and collected on an acid 
25 washed and 3 -aminopropyltriethoxysilane treated microscope 

slide. The slides are fixed in 10% formalin solution for 60 
minutes, rinsed with water, stained (Hematoxylin or toluidine 
blue or another appropriate stain) , and either mounted with a 
water or solvent insoluble slide mounting solution (depending 
30 on the chosen stain, e.g., AQUAMOUNT or PERMOUNT) . The slides 
are examined for fluorescence using a Zeiss photomicroscope 
equipped with an epif luorescent attachment and excitation 
filters. If radiolabeled fibrin- binding polypeptides are 
used, the slides are subjected to autoradiography to detect 
35 binding. It is expected that attachment is only observed 
around the periphery of the clot with this procedure. 
Controls are at least one of predetermined labeled non- fibrin- 
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binding proteins and known fibrin-binding protein (FBP) of 
similar molecular mass. 

An alternative method to detect binding to the 
fibrin clot, is to form the clot, immediately freeze the 
5 tissue, and cut the tissue for the microscope slide. 
Following drying, the cut clot section is incubated In 
humldo , with the fluorescein- or radioiodinated fibrin- binding 
peptide. If the peptide, is immunoreactive with any of the 
antisera, the peptide need not to be labeled and the procedure 

10 will follow with fluorescein labeled goat anti- rabbit IgG. 

^2^1 labeled protein A can also be used as a detection system 
followed by autoradiography. The slide is treated and 
analyzed as described herein. 

2. Testing of fibrin-binding of FBPs in an in 

15 vitro clot binding assay. Radiolabeled FBPs are stored for no 
longer than two weeks at -20°C in 0.1% BSA-PBS. Fibrin 
binding of ^ ^ 5 jQ^ine- FBPs is performed in at least one of two 
ways: 1) during clot formation and 2) at various time periods 
after clot formation. This determines the efficacy of FBPs in 

20 binding to both newly forming clots (thrombi) and old clots in 
vivo. If FBPs continue to be incorporated into forming 
thrombi with time and remain relatively unchanged in their 
binding to preformed (old) thrombi over time, then 
radiolabeled FBPs can be used in vivo to distinguish old 

25 thrombi from actively fonning thrombi. 

Assays: 1) 20-200 fil fresh whole human blood, non- 
citrated, is mixed with various concentrations of ^^'I-FBP, in 
the presence of 0.1% BSA, 5 mM CaCl^ , and 1.0 U/ml of thrombin 
(total volume = 250 ;il) . CaClj and thrombin are not used if 

30 non-citrated blood is used. The reaction is incubated for 30 
minutes (or various time periods) at 37oc and terminated by 
the addition of 25mM EDTA. The mixture is centrifuged, the 
supernatant discarded, the pellet washed twice, in i.O ml PBS, 
0.1% BSA, 5 mM EDTA, and 1.0 mM PMSF, and bound FBP determined 

35 by counting the pellet in a gamma counter. The specificity of 
FBPs binding to clots is determined by competing radiolabeled 
FBPs with unlabeled intact Fn, the likDa and 25.9kDa FBPs, and 
recombinant FBPs. All fibrin -binding sites are preferably 
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saturated in order to observe competition. Thus, clot size is 
varied until' saturation is obtained (binding of radiolabeled 
FBPs has reached a plateau). For these experiments, various 
concentrations of cold FBPs are added together with the 
radiolabeled FBPs to the clot, and inhibition of binding 
determined. This demonstrates the relative affinities of FBPs 
(by displacement) and specificity of the interaction. 2) . 
Binding of ^^^I-FBPs to preformed fibrin clots is performed as 
above, except the ^^^l-FBF is not added until after the clot 
has been formed and terminated at 30 minutes. The ^^sj.pgp 
added for various time periods, after clot formation, and • 
fibrin binding quantitated as described above. 

3 . Assessing radiolaJbeled FBP binding to developing 
and preformed clots in the presence of effectors of clot 
formation. Fibrin binding experiments are performed in the 
presence of thrombin, hirudin (inhibitor of thrombin) , Calcium 
(clot formation is calcium dependent), and heparin (inhibitor 
of clot formation) to determine their effects on ^^^l-FBP 
binding to both forming and preformed clots. Many patients 
that would receive FBP for imaging etc., are heparinized and 
thus it is important to determine the extent heparin inhibits 
FBPs from binding to thrombi. The effect of plasma 
transglutaminase (Factor XIII) cross-linking on FBPs binding 
to fibrin clots is also determined. The addition of the 
primary amines, spermidine, putrescine and/or inhibitors of 
Factor XIII, indicates the contribution of Factor XIII, in 
blood, to FBPs binding to fibrin clots. 

EXAMPLE VII 

lodination of Proteins and Estimation of 
Binding Affinity Constants 

Fibrin- binding peptides can be labeled with ^^^I for 

use in the fibrin clot assay and for estimation of binding 

affinity constants. Labeling with ^^^I or ^^^l' is preferable 

for gamma scintigraphy. 

Fibrin-binding (activity of the 11 KDa folloving 
radioiodi nation. 
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1, PiJbrin affinity chrcmatography • The 11 KDa 
peptide (50 ;ig/0.206 ml) was radiolabeled using the lODO-BEAD 
method (Pierce Chemical) . The peptide was added to one lODO- 
BEAD in the presence of 100 fiCi ^^sj (17. 4 Ci/mg, New England 
Nuclear) and incubated on icei;;for 10 minutes. The bead was 
removed and the free ^^^I rembved by chromatography through a 
PDIO column containing SEPHADEX^" G-25 (Pharmacia) . Following 
precipitation of the peptide with trichloracetic acid the 
specific activity was deteirmined to be between 0.5-1.0 fiCt/fig 

(LKB Automatic Gamma counter) . The radioiodinated 11 kDa 
fibrin-binding peptide (500 /ig/1.5 ml) was combined with 1 ml 
of f ibrin-SEPHAROSE^" (5 mg fibrin/ml beads) equilibrated with 
50 mM Tris-HCl, 0.1 M NaCl buffer, pH 7.6, and rotated for 4 
hours, at 4®C. The mixture was poured onto a disposable 
column (0.6 cm x 8.0) and the unbound protein washed through. 
The column was equilibrated to room temperature and washed 
wi^r-. the equilibration buffer. The ^^^I-peptide that had been 
retained by the fibrin affinity matrix, was eluted with 50 mM 
Tris-HCl, 0.5 M NaCl, 6 M urea, pH 7 . 5 {the volume of each 
frT;.c*:ion was 0.7 ml] . The aincunt ^.:::jt-zLn that bound to 
fibrin- SSPKAROSE^" represented 60% of the radiolabeled 11 )cDa 
polypeptide applied (measured as total protein bound/total 
protein applied), measured by absorbance at 280 nm (Azao) 

(Figure 11) . 

In alternate approaches the peptide is labeled using 
lodogen (Pierce Chemical) exactly as described by the 
manufacturer. Chloramine T is used if the specific activity 
obtained is not sufficient for a particular study. If 
tyrosine residues are not available for iodination, Bolton- 
Hunter reagent can be used to label available lysines. 

2. ELISA 

a.) Direct binding assay. To be used for imaging, 
the biological activity of FBPs must be retained following 
derivatization with radiolabeled iodine. The 11 )cDa FBP 
(containing three tyrosines of which two are exposed by 
hydropathy analysis) was radiolabeled with 1.0 mCi Iodine 
in the presence of lodobeads^^, as described herein. The 
specific activity obtained was 4.0 uCi/ug (TCA precipitable 
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counts) . The fibrin-binding activity of iodinated 11 kDa was 
assessed by ELISA employing a direct binding assay. 
Increasing concentrations of the n IcDa FBP. (25-500 ng/O.l ml 
in 50 mM tris, 0.1 M Na CI, pH 7,6 buffer (FBB) were added to 
microtiter detachable microti ter wells (Immulon 2 Removawells) 
coated with three fibrin concentrations (15, 35 and 45 ng) and 
incubated for l hour at room temperature. After removal of 
the unbound material, and extensive washing with FBB 
containing 0.1% Tween 20, bound ^ ^ 5 jQ^j^ne- 11 kDa FBP was 
determined by assessing the radioactivity attached to the 
individual detachable wells using a LKB-Wallac 1272 CliniGamma 
counter (Wallac, Finland). Non-specific binding was 
calculated, by determining the radioactivity attached to wells 
coated with BSA. The concentration of fibrin attached to the 
15 microtiter wells was quantitated employing the Quanitgold 

(Diversified Biotech.) protein assay kit, adapted for ELISA 
plates , 

Computer analysis of the binding data, by non- linear 
regression and curve fitting to the mathematical equation 

20 corresponding to the one binding site model was performed 
employing GraphPad Prism^" . Analysis of the binding curve 
yielded an estimated dissociation constant of 154 nM for the 
radiolabeled 11 KDa FBP. 

b.) Coii?)etitive inhibition of the binding of 1251- 

25 11 kDa to fibrin* Competitive inhibition of ^^^I-ll kDa 

binding to fibrin coated microtiter wells was performed at a 
concentration of 11 JcDa that achieved 50% saturation (100 ng 
^251-11 )cDa/15 ng fibrin-coated wells). This was derived from 
the saturation curved obtained above ^^^l-ll kDa (100 ng/O.l 

30 ml FBB: 90 nM) was combined with increasing concentrations (1- 
5,000 nM) of unlabeled 11 kDa FBP and immediately incubated 
with fibrin coated wells for 1 hour at 22 "C. Bound ^^^I-li 
kDa was determined as described above. The results are 
presented as the percentage of control of ^^^l-ii kDa binding 

35 in the absence of the competitive inhibitor. An unrelated 
protein, egg lysozyme, was employed as negative control. 
Analysis of the binding data was performed by non linear 
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regression and curve fitting to the one- site competitive 
binding curves (GraphPad Prism) . 

As illustrated in Figure 9 the unlabeled 11 kDa FBP 
competitively inhibited the binding in a dose dependent 
5 manner. ^25j.2.l JcDa binding to fibrin was decreased by 50% 
(IC50) by a concentration of 605 nM (6.7 molar excess) of 
unlabeled 11 kDa FBP, Maximiom inhibition was achieved at a 
concentration of 4 uM (44.4 molar excess) of the unlabeled 
FBP. As expected, the unrelated protein, egg lysozyme did not 

10 inhibit the binding of iodinated 11 kDa to fibrin. 

c.) Reversibility of the binding of ^^^I-ll kDa FBP 
to fibrin. This assay demonstrated that the binding of the 11 
kDa fragment to fibrin is reversible and specific. Detachable 
microtiter wells previously coated with 15 ng of fibrin were 

15 incubated with 100 ng/0.1 ml FBB (90 nM) of ^^^1-11 kDa for 1 
hour at 22' C. The unbound radiolabeled protein was removed 
by extensive washing with FBB containing 0.1% Tween 20. The 
bound ^2^1-11 kDa FBP was displaced by adding increasing 
concentrations of unlabeled 11 kDa (10-5,000 nM) . The 

20 iodinaced -J.: kDa chat remained bound to the removable wells 
was determined by quantitating the radioactivity attached to 
the individual wells in a gamma counter. Results were 
expressed as percentage of control wells incubated with buffer 
alone . 

25 As shown in Figure 10, 42% of bound iodinated 11 kDa 

was reversibly displaced by ^ incubation with 2,000 nM 
concentration of unlabeled peptide (22.2 molar excess). In 
contrast, egg lysozyme employed as a negative control was 
unable to disrupt the binding of the labeled peptide to 

30 fibrin. 

3 . Determination of binding Affinity constcuits 
using radio-labeled FBP's. Affinity constants are determined 
using Scatchard analysis. The fibrin- coated microtiter plates 
is used to determine the affinity constants for the binding of 
35 fibrin- binding peptides of the present invention to fibrin. 

The peptide is radiolaJbeled with ^^sj using lODO-BEADs (Pierce 
Chemical) (Markwell, M.K., Anal. Biochem. 125:427-432 
(1982)). Various concentrations of the radiolabeled peptide 
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are incubated with the fibrin- coated plates, and the 
supernacants removed and counted in a gamma counter (Beckman, 
Biogamma) . Bound i**I-protein is determined by subtracting 
the counts in the supernatant from the total counts added or 
5 by using ELISA microtiter plates with removable wells. The 
molar concentrations of bound and free fractions of izsj. 
protein are used to determine the association constant, Ka, as 
the slope of the line of the plot of bound/free versus bound. 

10 BZaMPLB VIII 

Preparation of Antibodies to Other Fibrin- Binding Peptides 

Polyclonal antisera or mAbs specific for other type 
I repeat modules of fibronectin that indicate high affinity 
binding to fibrin (e.g., lOFnl.iiFnl) (see below) are 

15 prepared. Antibody titers will be assessed by ELISA as 
described above, using the antigen {fibrin- binding 
polypeptide) to coat the wells. The IgG fraction are prepared 
by ammonium sulfate precipitation (final concentration: 
30.3%), followed by dialysis in PBS. Alternatively, Gamma- 

20 Bind G Agarose^" will be employed, as described, for the 
purification of antibody to the 11 )cDa fragment. The 
corresponding peptide, used as antigen, is cross -lin)ced to 
Tresyl-SEPHAROSEiH and employed for affinity purification of 
the antiserum. 



25 
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Estimation Binding Affinity Constants and Determination the 
Kinetics of Binding of FN and FBPS of FN to Fibrin. 

Comparison of binding affinity constants of FBPs, t- 

PA and Fn, to fibrin, by a) scatchard analysis and using the 

b) BIA-core systan. For comparison, binding affinities are 

compared with t-PA and the cloned t-PA module. Competitive 

inhibition experiments with labeled and cold FBPs are employed 

in conjunction with quantitation of the binding constants. 

Competing, increasing concentrations of an unlabeled ligand 

with labeled ligand permit estimation of association/ 

dissociation constants. Also, the ability of a ligand (FBP or 

intact Fn or t-PA) to reverse the binding of an already bound 
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ligand shows the specificity of the interaction of the FBP 
with fibrin. Quantitation of binding constants establishes 
the relative fibrin- binding affinities of generated FBPs of 
the present invention. 

lodi nation of FBPs. FBPs are labeled with Iodine 
for use in the fibrin clot assays, for estimation of binding 
affinity constants, for in vivo targeting to thrombi, and for 
labeling with Iodine or Iodine for gamma scintography . 
The proteins are labeled using either lodobeads (Pierce) , 
e.g., as described by the manufacturer. Chloramine T is used 
if the specific activity obtained is not sufficient for a 
particular study. Free Iodine is removed e.g., by 
exhaustive dialysis or gel filtration using Sephadex G-25. 
All modules contain at least one tyrosine and can therefore be 
labeled with iodine. Moreover, a molecule can be slightly 
denatured with low molar guanidine to obtain higher specific 
activity provided that they still retain their fibrin binding 
activity. Lysines can also be labeled by the known Bolton- 
Hunter reaction, if suitable. If appropriate, ^ ^ ^ Indium or 
® ^"Technetium can used to derivatize the FBP for in 
vivo imagining of thrombi. Initially, the 11 kDa FBP is used 
for imaging studies, until smaller amino acid sequence of the 
11 kDa, or other FBPs, is obtained that retains substantial or 
significant fibrin-binding activity. 

Bstijmation of binding affinity constants, 
a.) Scatchard analysis- The fibrin coated 
microtiter plates are used to determine binding affinity 
constants of the Pn, tPA, the 25.9 kDa and llkDa FBPs of Fn, 
or other FBPs of this invention and the recombinant FBPs by 
scatchard analysis. Increasing concentrations of the 
radiolabeled FBPs are incubated with the fibrin coated plates, 
and the supernatant s removed and counted in a gamma counter 
(Beckman, Biogamma) . Bound ^^^I protein is determined (CPM in 
aliquot added minus CPM in the supernatant) . Alternatively, 
bound radiolabeled counts can be directly counted on removable 
wells. The molar concentrations of bound and free fractions 
of ^^^I-protein are used to determine Ka (association) as the 
slope of the line of the plot of bound/free versus bound. 
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b.) Real-time biospecific interaction analysis. 
Real-time biospecific interaction analysis is provided using 
the known method steps of total internal reflection (surface 
plasmon resonance) for measuring kinetics and binding 
5 affinities between Fn and FBPs, to fibrin. 

The BIA-core system. The theory and use of this 
technology is briefly explained as follows: The phenomenon of 
surface plasmon resonance (SPR) is used to probe the 
concentration of biological molecules close to a surface, 

10 according to known method steps. The interactions between two 
proteins are analyzed optically in real time at the surface of 
a sensor chip. In this system, one of the proteins is 
immobilized on a hydrogel matrix composed of carboxylated 
dextran which is positioned with in a flow chamber. The other 

15 protein is in an analyte solution which is passed over the 
surface of the immobilized ligand, and the interaction 
proceeds between the two proteins/ligands . The concentration 
of the analyte in the surface layer changes, giving a surface 
plasmon resonance response which is recorded in real time. 

20 The hydrogel is bonded to a gold coated glass slide which is 
illuminated by a near- infrared light emitting diode. The 
light is focused through the glass slide onto the gold film in 
a wedge-shaped beam giving a fixed range of incident angles 
and the SPR response produced, by the interaction of the two 

25 proteins being studied, is monitored by light-sensitive 

diodes. The information is transmitted to a computer which 
calculates the angle at which minimum reflection occurs (SPR 
angle or response angle) ; the software analyzes the signals 
from the diode detectors. As SPR is monitored, the light 

30 incident on the surface below the angle of total internal 
reflection is absorbed at one particular angle that is 
dependent on the index of refraction near the surface. As the 
protein in the analyte solution (Fn and FBPs) is allowed to 
flow over the immobilized ligand (fibrin), the refraction. 

35 index within the matrix incurs subtle changes due to small 

changes in the refractive index of the protein solution which 
changes more slowly due to the binding interaction, and hence, 
concentration, of the analyte protein component interacting 
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with Che matrix -bound component. The time course of binding 
is observed directly. The time course of dissociation is 
followed by monitoring the SPR signal during elution of the 
analyte component. For kinetic analyses, the rate of change 
5 or the SPR signal is measured. While affinity interactions 
between two proteins requires immobilization of one of the 
ligand, in this system it is ideal for determining the binding 
affinities between Fn and FBPs and fibrin, since fibrin is 
insoluble and will be immobilized on the hydrogel matrix. To 

10 prepare the hydrogel, fibrinogen is chemically linked to the 
matrix and subsequently treated with thrombin to convert the 
fibrinogen to fibrin (as in affinity chromatography) . It is 
necessary that the fibrinogen is bound to the carboxylated 
dextran (hydrogel) below its isoelectric point to maintain a 

15 positively charged state. Thus fibrinogen will be suspended 
in a buffer below the pi of 5.5 (e.g. Na citrate, pH 5.0). 

EZiAMPLE X 

Obtaining amaT ler fragments that retain fibrin -binding 
20 activity. 

Cloning of smaller fragments of FBP corresponding to 

relevant type I repeat modules of fibronectin is used to 

determine the minimum aunino acid sequence that dictates 

fibrin-binding activity of FBP's of the present invention. 

2^ Alternatively, enzymatic digestion may be used to obtain 

fragments smaller than the ones presently (e.g., the 11 kDa- 
FBP) demonstrating fibrin-binding activity. These fragments 
will be purified by standard chromatographic procedures, known 
by anyone skilled in the art of protein chemistry. 

3Q When a repeat module pair, e.g., lOFl.i^Fl 

demonstrates substantial or significant fibrin-binding 
activity, e.g., as the 11 kDa fragment, progressively smaller 
fragments are cloned until a loss or reduction in biological 
activity is observed. In this way, the minimum amino acid 
sequences required for fibrin -binding activity is determined. 
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EXAMPLE XI 

Prelajninary in vivo studies emplcjying radiolabeled 11 kDa FBP 
to bind to thrombi -pharnacodynainic studies anrj 
biodistribution 

The purified 11 kDa FBP was radiolabeled with 
Iodine; the specific activity obtained was 4.0 iiCi/fig and 
the efficiency of labeling was 64%. The TCA precipitable 
counts were 80%. Four rats were used (430-500 gm) . 49.3 nci 
(6.9 X 10'cpm)/0.36 ml/13.2 /xg H kDa FBP/per rat was injected 
into the right femoral vein. Organs were removed at 30 
minutes and 120 minutes time points. At various time points, 
following injection, plasma (O.l ml) was withdrawn from the 
left femoral vein and TCA ppt. counts obtained with an 
aliquot thereof. The pharmacokinetics of radioactivity in the 
serum is presented in Figure 25. Counts ranged from 75-80% 
Trichloroacetic acid precipitable for each time point, 
indicating that no degradation of the 12 s I likDa FBP occurred 
in the plasma. Figure 26 displays the biodistribution of 
125 1-11 kDa FBP in the organs: Relatively equal distribution 
of the 125 1.11 kDa FBP was obtained in all organs (100,000- 
200,000 cpm) , except brain, muscle, and bone, which 
demonstrated the least accumulation of label. Expectedly, the 
thyroid contained 4.0x10' at 2 hrs (representative of free 
iodine) and the kidney and bladder were higher because of the 
route of excretion. 

The biologic half life of the radio iodinated FBP 
thus was expected to be relatively short, which is important 
for the diagnostic imaging of thrombi. There was no 
remarkable accumulation in any organ (Figure 26) (except the 
thyroid due to the use of radio leOseled' iodine) . 

EXAMPLE XII 

Performing in Vivo Studies to Assess Efficacy of 
Targeting PBPS to Thranbi and Injured Vessels 
and Phajnnacokinetic Studies. 

a.) Phainacokinetics of PBPs (li kDa FBP and 

recombinant FBPs) in rats. Determination of the metabolic 

behavior of radiolabeled (i 2 J iodine) FBP injected into rats: 

the same protocol is performed as described above herein. The 
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time points for examining TCA precipitable counts in the blood 
are extended to include 6, 12, and 24 hours (at least 2 rats 
per time point). ^^^I-FBP and/or 11 kDa-FBP are injected into 
rats as described. Pharmacokinetic modeling is used to 
determine the half life of radioiodinated FBP in the blood to 
be used in this example. 

Biodistribution (localization and radiation 
dosimetry) : A time course of distribution of radiolabeled FBP 
in the same organs as shown in Figure 26 including arteries 
and veins is analyzed. TCA precipitable in the urine 

over time is determined (excretion rate) . TCA soluble counts 
compared to TCA ppt. counts for each sample indicate 
proteolytic breakdown over time. The body fluid is mixed with 
a final concentration of 10% TCA and left on ice for 1 hour, 
centrifuged, washed, and counted. Each organ is washed and 
perfused with PBS to remove all traces of blood, before 
counting. 

Determination of thrombus to blood and thrombus to 
muscle ratios: Before performing the pharmaco)cinetic studies, 
the arterial and venous vessels of the same animals are 
wounded until a thrombus is formed. The ascending vena cava 
(below the kidneys) and the descending aorta (immediately 
above the bifurcation) are clamped with a rubber tipped 
mosquito clamps for 2 hours for the artery and one hour for 
the vein. A thrombotic occlusion is formed of approximately 
1.5 cm length. The specific binding of ^^sj.pBP (11 kDa to 
start) to the preformed thrombus, is determined compared to 
blood and muscle (wt/wt) , over time, following injection. The 
amount of that binds to an injured vessel versus an 

uninjured vessel is also quantitated. The time for optimal 
binding is crucial for feasibility of imaging (less than two 
hours would be considered adequate) . The testing of binding 
to thrombi prepared 24 hours (or longer) ahead (preformed 
thrombi) compared to newly formed thrombi is also performed. 
This will determine the efficacy of ^^sj.fbP to older and 
newly forming thrombi. 

Dosimetry Studies: Determination of the optimal 
dose (/xCi/^g/kg) required for binding (Dose response) to 
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thrombi: Three different doses were injected following 
injury, and thrombi removed at the various indicated above, • 
In a preliminary experiment 3.4 /iCi/13.3 /ig 11 kDa FBP/rat 
(550 gr) appeared to be a dose that enabled sufficient binding 
5 to thrombi compared to blood. 

Assessment of the binding of radiolabeled FBPs'to 
thrombi in experimentally de-endothelialized rat and/or rabbit 
femoral arteries and veins. De-endothelialization of vessels 
followed by thrombus formation more closely mimics the 

10 formation of thrombotic and atherosclerotic lesions in vivo. 
The enhanced localization of labeled FBPs. in de- 
endothelialized segments of vessels are assessed and compared 
to normal vessels. For these studies, rabbits can be 
preferably used because the small diameter of rat vessels 

15 (femoral vein and artery) has made it difficult to injure, in 
past experiments. Rabbit abdominal aortas (20 cm from the 
insertion in the femoral artery) are injured by inflating (700 
mm Hg) a balloon through a 4F fogarty catheter as described 
(Uehara, et al. (1988) J-. Nucl. Med. 29:1264-1267). The 

20 balloon is rubbed back and forth and the procedure repeated 6 
times before withdrawal of the catheter. De- 
endothelialization is confirmed by endothelial staining using 
Evans Blue (9mg/kg) at sacrifice. is injected into 

rabbits 2 hours after injury and the quantity injected will be 

25 proportionally increased (wt) based on the thrombus -binding 
experiments using rats. Injured tissues are excised and 
binding of radiolabeled FBPs compared to the binding obtained 
to other tissues and uninjured comparable vessels. 

Assessment of the feasibility of radiolabeled FBPs 

30 for imaging thrombi. FBPs (11 kDa FBP) are derivatized with 
an imaging agent such as ^^sjo^^j^^ ^ ^ ^ Iodine , the vessel 
injured by clamp pressure or de-endothelialization, 
radiolabeled FBP is injected, and gamma scintigraphy is 
performed. The amount of ^ ^ ^ lodine-FBP to be used for imaging 

35 is extrapolated from the binding studies using ^^s iodine. 
Imaging is performed using a GE400 AC/T Starcam. This is a 
large field of view gamma camera with high resolution and low 
energy, equipped with a parallel hole collimator. The camera 
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is interfaced to a dedicated nuclear medicine computer for 
easy transfer to stations for data analysis (region of 
interest analysis on serial scans). If imaging with j 
^^^I is not suitable, other radioisotopes are used, such as 
5 m Indium (with or without DTPA, a metal chelating group which 
facilitates labeling), and/or ^ ^ -Technetium. Retention of 
biological activity of the derivatized FBP is assessed by 
ELISA, fibrin-SEPHAROSE^M chromatography, and/or the fibrin 
clot assay. Efficient in vivo imaging of radiolabeled FBPs is 

10 determined in rats and rabbits. 

Animal Studies prior to submission of an IND to the 
FDA for human testing: The following studies are performed in 
rats and rabbits (or non- rodent animal) by an "outside 
toxicity testing facility" (e.g., LEBERCO Testing Inc. 

15 (Roselle Park, NJ) or University of Buffalo Toxicology 

Research Center) or other. Administration of a recombinant 
radiolabeled and/or unlabeled FBP (e.g., parenterally i.v.) 
will be by an identical route that would be chosen for human 
testing. Radiation dosimetry estimates are made for i^s^.g^nd 

20 by using the MIRD formulation. The animal studies can 

include: (l) acute i.v administration, approximately one 
injection at 6 dose levels to 4-7 rabbits and 5-10 rats at 
each dose level, with observation on day 14 and LD5 0 
determined; (2) acute toxicity subacute dosing, i.v. 

25 administration 5 times per week for two weeks to seven 

animals; and (3) subchronic i.v. administration, single dose 
in 6 rabbits and 10 rats for 10 days. Controls receive an 
equal volume of saline. An appropriate group (e.g., as 
recommended by the testing facility) is chosen to be analyzed 

30 for total clinical blood and urine chemistry, hematological 
studies, and histology. Particular attention is paid to 
effects on clotting (e.g., PT and PTT studies); (4) 
pyrogenicity is tested using the standard LAL test kit; (5) 
Ames test for mutagenicity is performed on bacteria; (6) 

35 sterility testing is performed by inoculation into sterile 
thioglycollate medium and inc\ibated for 7 days at 37*»C; (7) 
radiochemical purity and efficiency of radiolabeling of the 
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FBP is done to determine bound radiolabel (performed in our 
laboratory by HPLC analysis and TCA precipitation) . 

Studies in animals can also include the following: 
(1) Efficacy targeting and imaging thrombi at different 
5 locations in the body (eg. pulmonary, cardiac microthrombi , 
deep vein, arterial, brain) . (2) Testing of radiolabeled FBP 
binding to atherosclerotic plaques in an animal model, 
C57BL/6J mice that have the Ath-1 and Ath-2 homozygous 
genotype develop atherosclerotic lesions after 14 weeks on a 
10 atherogenic diet. These animals will prove useful to test for 
binding of ^^^x-fep to the' lesions. (3) Efficacy of ^^^I-FBP 
binding to thrombi in presence of heparin. 

b.) Studies in human volunteers, 
Pharmacokinetics/blood analysis for clearing of radioisotope 
15 is performed. Toxicity and dosimetry studies such as a 

dose/range study are conducted, e.g., three dose levels, three 
patients per dose level, with routine clinical blood tests are 
made for organ toxicity and effects on blood clotting (also in 
presence of heparin) , urinalysis (route and speed of 
20 excretion) . The appropriate quantity of protein and 

radiolabel (pharmacologic dose) is then determined. Efficacy 
is tested, such as speed and specificity of delivery, imaging 
at various time points over a 24 hour period. Tests are made 
on patients with varied lesions e.g., pulmonary thrombi, 
25 atrial microthrombi, and/or history of atherosclerosis. 

Criteria for Testing in Animals or Humans, The FBP 
(recombinant or proteolitically derived) should preferably 
retain fibrin-binding biological activity at 37^C following 
derivatization with an imaging agent. A high specific 
3Q activity of radiolabeling should preferably be achieved so 

that reasonably small (/igs or less than 20 mg) amounts of FBP 
can be used in vivo (in humans) with good resolution of 
thrombi or atherosclerotic plaques. The radiolabel should 
remain bound to the FBP in vivo for an appropriate amount ot 
35 time to permit adequate imaging Of the thrombi or lesion. 

The FBP should be small enough and specifically bind 
with high affinity for rapid delivery and diffusion into 
clots, but should not be cleared too rapidly to ensure good 
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binding to the clot for specific imaging. High thrombus to 
blood ratios (very low blood pooling to minimize background) 
are expected, fast delivery and excretion, and equal organ 
distribution of the FBP, Alternatively, the binding of the 
5 FBP should be reversible for ultimate clearance following its 
use . 

The FBP should bind well to both newly forming clots 
and older clots and atherosclerotic lesions. The FBP should 
preferably bind to emboli as well as thrombi, and bind to 

10 thrombi in the arterial circulation as well as in veins. 

Venous thrombi contain more fibrin, while arterial thrombi 
contain more platelets (Cerquiera, et al . , (1992) 
Circulation 85:298-304) , and thus FBPs may be more useful in 
venous thromboses. The FBP should preferably transgress the 

15 blood/brain barrier to be useful for imaging cerebrovascular 
emboli or thrombi. 



All references cited herein, including journal 
articles or abstracts, published or corresponding U.S. or 

20 foreign patent applications, issued U.S. or foreign patents, 
or any other references, are entirely incorporated by 
reference herein, including all data, tables, figures, and 
text presented in the cited references- Additionally, the 
entire .contents of the references cited within the references 

25 cited herein are also entirely incoirporated by reference. 

Reference to known method steps, conventional 
methods steps, known methods or conventional methods is not in 
any way an admission that any aspect, description or 
embodiment of the present invention is disclosed, taught or 

30 suggested in the relevant art. 

The foregoing description of the specific 
embodiments will so fully reveal the general nature of the 
invention that others can, by applying knowledge within the 
skill of the art (including the contents of the references 

35 cited herein) , readily modify and/or adapt for various 
applications such specific embodiments, without undue 
experimentation, without departing from the general concept of 
the present invention. Therefore, such adaptations and 
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modifications are intended to be within the meaning and range 
of equivalents of the disclosed embodiments, based on the 
teaching and guidance presented herein. It is to be 
understood that the phraseology or terminology herein is for 
the purpose of description and not of limitation, such that 
the terminology or phraseology of the present specification is 
to be interpreted by the skilled artisan in light of the 
teachings and guidance presented herein, in combination with 
the knowledge of one of ordinary skill in the art. 
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(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 2324 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

Gin Ala Gin Gin Met Val Gin Pro Gin Ser Pro Val Ala Val Ser Gin 
^ 10 15 

Ser Lys Pro Gly Cys Tyr Asp Asn Gly Lys His Tyr Gin lie Asn Gin 

25 30 

Gin Trp Glu Arg Thr Tyr Leu Gly Asn Val Leu Val Cys Thr Cys Tyr 
■'^ 40 45 ' 

Gly Gly Ser Arg Gly Phe Asn Cys Glu Ser Lys Pro Glu Ala Glu Glu 

55 so 



Thr cys Phe Asp Lys Tyr Thr Gly Asn Thr Tyr Arg Val Gly Asp Thr 
Tyr Glu Arg Pro Lys Asp Ser Met He Trp Asp Cys Thr Cys He Gly 



85 90 35 



Ala Gly Arg Gly Arg He Ser Cys Thr lie Ala Asn Arg Cys His Glu 

HQ 

Gly Gly Gin Ser Tyr Lys He Gly Asp Thr Trp Arg Arg Pro His Glu 

120 

Thr Gly Gly Tyr Met Leu Glu Cys Val Cys Leu Gly Asn Gly Lys Gly 

Glu Trp Thr cys Lys Pro He Ala Glu Lys Cys Phe Asp. His Ala Ala 

Gly Thr ser Tyr Val Val Gly Glu Thr Trp Glu Lys Pro Tyr Gin Gly 

Trp Met Met Val Asp Cys Thr Cys Leu Gly Glu Gly Ser Gly Arg He 

18S 



190 



Thr cys Thr Ser Arg Asn Arg Cys Asn Asp Gin Asp Thr Arg Thr Ser 

" 200 205 

Tyr Arg He Gly Asp Thr Trp Ser Lys Lys Asp Asn Arg Gly Asn Leu 

215 220 



Leu Gin cys He Cys Thr Gly Asn Gly Arg Gly Glu Trp Lys Cys Glu 

235 240 
Arg Hie Thr Ser Val Gin Thr Thr Ser Ser Gly Ser Gly Pro Phe ll^r 



24S 



ASP val Arg Ala Ala Val Tyr Gin Pro Gin Pro His Pro Gin Pro Pro 

265 270 

Pro Tyr G^y Hie Cys Val Thr Asp Ser Gly Val Val Tyr Ser Val Gly 

280 285 

Met Gin Trp Leu Lys Thr Gin Gly Asn Lys Gin Met Leu Cys Thr Cys 
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Leu Gly Asn Gly Val Ser Cys Gin Glu Thr Ala Val Thr Gin Thr Tyr 

315 320 
Gly Gly Asn Leu Aan Gly Glu Pro Cys Val Leu Pro Phe Thr Tyr Asn 



330 



Gly Arg Thr Phe Tyr Ser Cys Thr Thr Glu Gly Arg Gin Aap Gly His 
"* " 345 350 

Leu Trp Cys Ser Thr Thr Ser Asn Tyr Glu Gin Asp Gin Lys Tyr Ser 

" 360 

Phe cys Thr Asp His Thr Val Leu Val Gin Thr Gin Gly Gly Asn Ser 



380 



Asn Gly Ala Leu Cys His Phe Pro Phe Leu Tyr Asn Asn His Asn Tyr 

395 400 

Thr Asp cys Thr Ser Glu Gly Arg Arg Asp Asn Met Lys Trp Cys Gly 
405 I 



415 



Thr Thr Gin Asn Tyr Asp Ala Asp Gin Lys Phe Gly Phe Cys Pro Met 

425 430 

Ala Ala His Glu Glu He Cys Thr Thr Asn Glu Gly Val Met Tyr Arg 

440 445 ' 

He Gly Asp Gin Trp Asp Lys Gin His Asp Met Gly His Met Met Arg 

455 

cys Thr Cys Val Gly Asn Gly Arg Gly Glu Trp Thr Cys lie Ala Tyr 

470 475 

Ser Gin Leu Arg Asp Gin Cys He Val Asp Asp He Thr Tyr Asn Val 

490 495 

Asn Asp Thr Phe His Lys Arg His Glu Glu Gly His Met Leu Asn Cys 



510 



Thr Cys Phe Gly Gin Gly Arg Gly Arg Trp Lys Cys Asp Pro Val Asp 

520 525 

Gin Cys Gla Asp Ser Glu Thr Gly Thr Phe Tyr Gin He Gly Asp Ser 
" 535 540 

Trp Glu Lys Tyr Val His Gly Val Arg Tyr Gin Cys Tyr Cys Tyr Gly 

555 5go 

Arg Gly lie Gly Glu Trp His Cys Gin Pro Leu Gin Tyr Tyr Pro Ser 
5o5 570 

ser Ser Gly Pro Val Glu Val Phe He Thr Glu Thr Pro Ser Gin Pro 

S85 590 

Asn Ser His Pro He Gin Trp Asn Ala Pro Gin Pro Ser His He Ser 
" 600 go5 

Lys Tyr He Leu Arg Trp Arg Pro Lys Asn Ser Val Gly Arg Trp Lys 

Glu Ala Thr He Pro Gly His Leu Asn Ser Tyr Thr He Lys Gly Leu 

635 640 

Lys Pro Gly Val Val Tyr Glu Gly Gin Leu He Ser He Gin Gin Tyr 
645 — J 



655 
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Gly His Gin Glu Val Thr Arg Phe Asp Phe Thr Thr Thr Ser Thr Ser 
660 665 670 

Thr Pro Val Thr Ser Asn Thr Val Thr Gly Glu Thr Thr Pro Phe Ser 
675 680 685 

Pro Leu Val Ala Thr Ser Glu Ser Val Thr Glu He Thr Ala Ser Ser 
690 695 700 

Phe Val Val Ser Trp Val Ser Ala Ser Asp Thr Val Ser Gly Phe Arg 
705 710 715 720 

Val Glu Tyr Glu Leu Ser Glu Glu Gly Asp Glu Pro Gin Tyr Leu Asp 
725 730 735 

Leu Pro Ser Thr Ala Thr Ser Val Asn He Pro Asp Leu Leu Pro Gly 
740 745 750 

Arq Lys Tyr He Val Asn Val Tyr Gin He Ser Glu Asp Gly Glu Gin 
755 760 765 

Ser Leu He Leu Ser Thr Ser Gin Thr Thr Ala Pro Asp Ala Pro Pro 
770 775 780 

Asp Pro Thr Val Asp Gin Val Asp Asp Thr Ser He Val Val Arg Trp 
785 790 795 800 

Ser Arg Pro Gin Ala Pro He Thr Gly Tyr Arg He Val Tyr Ser Pro 
805 810 815 

Ser Val Glu Gly Ser Ser Thr Glu Leu Asn Leu Pro Glu Thr Ala Asn 
820 825 830 

Ser Val Thr Leu Ser Asp Leu Gin Pro Gly Val Gin Tyr Asn He Thr 
835 840 845 

He Tyr Ala Val Glu Glu Asn Gin Glu Ser Thr Pro Val Val He Gin 
850 855 860 

Gin Glu Thr Thr Gly Thr Pro Arg Ser Asp Thr Val Pro Ser Pro Arg 
865 870 875 880 

• Asp Leu Gin Phe Val Glu Val Thr Asp Val Lys Val Thr He Met Trp 
885 890 895 

Thr Pro Pro Glu Ser Ala Val Thr Gly Tyr Arg Val Asp Val He Pro 
900 905 910 

Val Asn Pro Leu Gly Glu His Gly Gin Arg Leu Pro He Ser Arg Asn 
915 920 925 

Thr Phe Ala Glu Val Thr Gly Leu Ser Pro Gly Val Thr Tyr Tyr Phe 
930 935 940 

Lys Val Phe Ala Val Ser His Gly Arg Glu Ser Lys Pro Leu Thr Ala 
945 950 955 960 

Gin Gin Thr Thr Lys Leu Asp Ala Pro Thr Asn Leu Gin Phe Val Asn 
965 970 975 

Glu Thr Asp Ser Thr Val Leu Val Arg Trp Thr Pro Pro Arg Ala Gin 
980 985 990 

He Thr Gly Tyr Arg Leu Thr Val Gly Leu Thr Arg Arg Gly Gin Pro 
995 1000 1005 
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Arg Gin Tyr Aen Val Gly Pro Ser Val Ser Lys Tyr Pro Leu Arg Asn 
1010 1015 1020 

Leu Gin Pro Ala Ser Glu Tyr Thr Val Ser Leu Val Ala lie Lys Gly 

1025 1030. 1035 1040 

Asn Gin Glu Ser Pro Lys Ala Thr Gly Val Phe Thr Thr Leu Gin Pro 
1045 1050 1055 

Gly Ser Ser He Pro Pro Tyr Asn Thr Glu Val Thr Glu Thr Thr He 
1060 1065 . 1070 

Val He Thr Trp Thr Pro Ala Pro Arg He Gly Phe Lys . Leu Gly Val 
1075 1080 1085 

Arg Pro Ser Gin Gly Gly Glu Ala Pro Arg Glu Val Thr Ser Asp Ser 
1090 1095 1100 

Gly Ser He Val Val Ser Gly Leu Thr Pro Gly Val Glu Tyr Val Tyr 
1105 1110 1115 1120 

Thr He Gin Val Leu Arg Asp Gly Gin Glu Arg Asp Ala Pro He Val 
1125 1130 1135 

Asn Lys Val Val Thr Pro Leu Ser Pro Pro Thr Asn Leu His Leu Glu 
1140 1145 1150 

Ala Asn Pro Asp Thr Gly Val Leu Thr Val Ser Trp Glu Arg Ser Thr 
1155 1160 1165 

Thr Fro Aso lie Thr Gly Tyr Arg He Thr Thr Thr Pro Thr Asn Gly 
1170 ' 1175 1180 

Gin Gin Gly Asn Ser Leu Glu Glu Val Val His Ala Asp Gin Ser Ser 
1185 1190 1195 1200 

Cys Thr Phe Asp Asn Leu Ser Pro Gly Leu Glu Tyr Asn Val Ser Val 
1205 1210 1215 

Tyr Thr Val Lys Asp Asp Lys Glu Ser Val Pro He Ser Asp Thr He 
1220 1225 1230 

He Pro Ala Val Pro Pro Pro Thr Asp Leu Arg Phe Thr Asn He Gly 
1235 1240 1245 

Pro Asp Thr Met Arg Val Thr Trp Ala Pro Pro Pro Ser He Asp Leu 
1250 1255 1260 

Thr Asn Phe Leu Val Arg Tyr Ser Pro Val Lys Asn Glu Glu Asp Val 
1265 1270 1275 1280 

Ala Glu Leu Ser He Ser Pro Ser Asp Asn Ala Val Val Leu Thr Asn 
1285 1290 1295 

Leu Leu Pro Gly Thr Glu Tyr Val Val Ser Val Ser Ser Val Tyr Glu 
1300 1305 1310 

Gin His Glu Ser Thr Pro Leu Arg Gly Arg Gin Lys Thr Gly Leu Asp 
1315 1320 1325 

Ser Pro Thr Gly He Asp Phe Ser Asp He Thr Ala Asn Ser Phe Thr 
1330 1335 1340 

Val His Trp He Ala Pro Arg Ala Thr He Thr Gly Tyr Arg He Arg 
1345 1350 1355 1360 



( ( 

wo 96/04304 PCTAJS95/09819 

- 108 - 

His His Pro Glu His Phe Ser Gly Arg Pro Arg Glu Asp Arg Val Pro 
1365 1370 1375 

His Ser Arg Asn Ser He Thr Leu Thr Asn Leu Thr Pro Gly Thr Glu 
1380 1385 1390 

Tyr Val Val Ser He Val Ala Leu Asn Gly Arg Glu Glu Ser Pro Leu 
1395 1400 1405 

Leu He Gly Gin Gin Ser Thr Val Ser Asp Val Pro Arg Asp Leu Glu 
1410 1415 1420 

Val Val Ala Ala Thr Pro Thr Ser Leu Leu He Ser Trp Asp Ala Pro 
1425 1430 1435 1440 

Ala Val Thr Val Arg Tyr Tyr Arg He Thr Tyr Gly Glu Thr Gly Glv 
1445 1450 1455 

Asn Ser Pro Val Gin Glu Phe Thr Val Pro Gly Ser Lys Ser Thr Ala 
1460 1465 1470 

Thr He Ser Gly Leu Lys Pro Gly Val Asp Tyr Thr He Thr Val Tyr 
1475 1480 1485 

Ala Val Thr Gly Arg Gly Asp Ser Pro Ala Ser Ser Lys Pro He Ser 
1490 1495 1500 

He Asn Tyr Arg Thr Glu He Asp Lys Pro Ser Gin Met Gin Val Thr 
1505 1510 1515 1520 

Asp Val Gin Asp Asn Ser He Ser Val Lys Trp Leu Pro Ser Ser Ser 
1525 1530 1535 

Pro Val Thr Gly Tyr Arg Val Thr Thr Thr Pro Lys Asn Gly Pro Gly 
1540 1545 1550 

Pro Thr Lys Thr Lys Thr Ala Gly Pro Asp Gin Thr Glu Met Thr He 
1555 1560 1565 

Glu Gly Leu Gin Pro Thr Val Glu Tyr Val Val Ser Val Tyr Ala Gin 
1570 1575 1580 

Asn Pro Ser Gly Glu Ser Gin Pro Leu Val Gin Thr Ala Val Thr Asn 

1585 1590 1595 igoO 

He Asp Arg Pro Lys Gly Leu Ala Phe Thr Asp Val Asp Val Asp Ser 
1605 1610 1615 

He Lys He Ala Trp Glu Ser Pro Gin Gly Gin Val Ser Arg Tyr Aro 
1620 1625 1630 

Val Thr Tyr Ser Ser Pro Glu Asp. Gly He His Glu Leu Phe Pro Ala 
1635 1640 1645 

Pro Asp Gly Glu Glu Asp Thr Ala Glu Leu Gin Gly Leu Arg Pro Glv 
1650 1655 1660 

Ser Glu Tyr Thr Val Ser Val Val Ala Leu His Asp Asp Met Glu Ser 
1^^5 1670 1675 1580 

Gin Pro Leu He Gly Thr Gin Ser Thr Ala He Pro Ala Pro Thr Asp 
1685 . 1690 1695 

Leu Lys Phe Thr Gin Val Thr Pro Thr Ser Leu Ser Ala Gin Trp Thr 
1700 1705 1710 
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Pro Pro Asn Val Gin Leu Thr Gly Tyr Arg Val Arg Val Thr Pro Lys 
1715 1720 1725 

Glu Lys Thr Gly Pro Met Lys Glu lie Asn Leu Ala Pro Asp Ser Ser 
1730 1735 1740 

Ser Val Val Val Ser Gly Leu Met Val Ala Thr Lys Tyr Glu Val Ser 
1745 1750 1755 1760 

Val Tyr Ala Leu Lys Asp Thr Leu Thr Ser Arg Pro Ala Gin Gly Val 

1765 1770 1775 

Val Thr Thr Leu Glu Asn Val Ser Pro Pro Arg Arg Ala Arg Val Thr 
1780 1785 1790 

Asp Ala Thr Glu Thr Thr lie Thr lie Ser Trp Arg .Thr Lys Thr Glu 
1795 1800 1805 

Thr He Thr Gly Phe Gin Val Asp Ala* Val Pro Ala Asn Gly Gin Thr 
1810 1815 1820 

Pro He Gin Arg Thr He Lys Pro Asp Val Arg Ser Tyr Thr He Thr 
1825 1830 1835 1840 

Gly Leu Gin Pro Gly Thr Asp Tyr Lys He Tyr Leu Tyr Thr Leu Asn 
1845 1850 1855 

Asp Asn Ala Arg Ser Ser Pro Val Val He Asp Ala Ser Thr Ala He 
1860 1865 1870 

Asp Ala Pro Ser Asn Leu Arg Phe Leu Ala Thr Thr Pro Asn Ser Leu 
1875 1880 1885 

Leu Val Ser Trp Gin Pro Pro Arg Ala Arg He Thr Gly Tyr He He 
1890 1895 1900 

Lys Tyr Glu Lys Pro Gly Ser Pro Pro Arg Glu Val Val Pro Arg Pro 
1905 1910 1915 1920 

Arg Pro Gly Val Thr Glu Ala Thr He Thr Gly Leu Glu Pro Gly Thr 
1925 1930 1935 

Glu Tyr Thr He Tyr Val He Ala Leu Lys Asn Asn Gin Lys Ser Glu 
1940 1945 1950 

Pro Leu He Gly Arg Lys Lys Thr Asp Glu Leu Pro Gin Leu Val Thr 
1955 I960 1965 

Leu Pro His Pro Asn Leu His Gly Pro Glu He Leu Asp Val Pro Ser 
1970 1975 1980 

Thr Val Gin Lys Thr Pro Phe Val Thr His Pro Gly Tyr Asp Thr Gly 
1985 1990 1995 2000 

Asn Gly He Gin Leu Pro Gly Thr Ser Gly Gin Gin Pro Ser Val Gly 
2005 2010 2015 

Gin Gin Met He Phe Glu Glu His Gly Phe Arg Arg Thr Thr Pro Pro 
2020 2025 2030 

Thr Thr Ala Thr Pro He Arg His Arg Pro Arg Pro Tyr Pro Pro Asn 
2035 2040 2045 

Val Gly Gin Glu Ala Leu Ser Gin Thr Thr He Ser Trp Ala Pro Phe 
2050 2055 2060 
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Gin Asp Thr Ser Glu Tyr He He Ser Cys His Pro Val Gly Thr Asp 
2065 2070 2075 2080 

Glu Glu Pro Leu Gin Phe Arg Val Pro Gly Thr Ser Thr Ser Ala Thr 
2085 2090 2095 

Leu Thr Gly Leu Thr Arg Gly Ala Thr Tyr Asn He He Val Glu Ala 
2100 2105 2110 

Leu Lys Asp Gin Gin Arg His Lys Val Arg Glu Glu Val Val Thr Val 
2115 2120 2125 

^^J^^ ^sn Gin Pro Thr Asp Asp Ser Cvs 

2130 2135 2140 

Phe Asp Pro Tyr Thr Val Ser His Tyr Ala Val Gly Asp Glu Trp Glu 

2150 2155 ^ 2160 

Arg Met Ser Glu Ser Gly Phe Lys Leu Leu Cys Gin Cys Leu Gly Phe 
2165 2170 2175 

Gly Ser Gly His Phe Arg Cys Asp Ser Ser Arg Trp Cys His Asp Asn 
2180 2185 2190 

Gly Val Asn Tyr Lys He Gly Glu Lys Trp Asp Arg Gin Gly Glu Asn 
2195 2200 2205 

Gly Gin Met Met Ser Cys Thr Cys Leu Gly Asn Gly Lys Gly Glu Phe 
2210 2215 2220 

Lys Cys Asp Pro His Glu Ala Thr Cys Tyr Asp Asp Gly Lys Thr Tyr 
2225 2230 2235 2240 

His Val Gly Glu Gin Trp Gin Lys Glu Tyr Leu Gly Ala He Cys Ser 
2245 2250 2255 

Cys Thr Cys Phe Gly Gly Gin Arg Gly Trp Arg Cys Asp Asn Cys Arg 
2260 2265 2270 

Arg Pro Gly Gly Glu Pro Ser Pro Glu Gly Thr Thr Gly Gin Ser Tyr 
2275 2280 2285 

Asn Gin Tyr Ser Gin Arg Tyr His Gin Arg Thr Asn Thr Asn Val Asn 
2290 2295 2300 

Cys Pro He. Glu Cys Phe Met Pro Leu Asp Val Gin Ala Asp Arg Glu 
2305 2310 2315 2320 

Asp Ser Arg Glu 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 nucleotides 

(B) TYPE: DNA 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GATGACTCGT GCTTTGACCC 



(2) INFORMATION FOR SEQ ID NO: 3: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 nucleotides 
<B) TYPE: DNA 

(C) STRANDEDNKSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TAATGGATCC TTACGTTGCC TCATGAGGGT C 



(2) INFORMATION IFOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE: amino acid 

( C ) STRANDEDNESS : s ing 1 e 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Cys Phe Glu Pro Gin Leu Leu Arg Phe Phe His Lys Asn Glu He Tro 
^ 5 10 15 ^ 

Tyr Arg Thr Glu Gin Ala Ala Val Ala Arg Cys Gin Cys Lys Gly Pro 
20 25 30 

Asp Ala His Cys Gin 
35 



(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 

Cys Arg Asp Glu Lys Thr Gin Met He Tyr Gin Gin His Gin Ser Trp 
^ 5 10 X5 

Leu Arg Pro Val Leu Arg Ser Aan Arg Val Glu Tyr Cys Trp Cys Asn 
20 25 30 

Ser Gly Arg Ala Gin Cys His 
35 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 680 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 



GAAGAGCAAG 


AGGCAGGCTC 


AGCAAATGGT 


TCAGCCCCAG 


TCCCCGGTGG 


CTGTCAGTCA 


60 


AAGCAAGCCC 


GGTTGTTATG 


ACAATGGAAA ACACTATCAG 


ATAAATCAAC 


AGTGGGAGCG 


120 


GACCTACCTA 


GGTAATGTGT 


TGGTTTGTAC 


TTGTTATGGA 


GGAAGCCGAG 


GTTTTAACTG 


180 


CGAAAGTAAA 


CCTGAAGCTG 


AAGAGACTTG 


CTTTGACAAG 


TACACTGGGA ACACTTACCG 


240 


AGTGGGTGAC 


ACTTATGAGC 


GTCCTAAAGA 


CTCCATGATC 


TGGGACTGTA 


CCTGCATCGG 


300 


GGCTGGGCGA 


GGGAGAATAA 


GCTGTACCAT 


CGCAAACCGC 


TGCCATGAAG 


GGGGTCAGTC 


360 


CTACAAGATT 


GGTGACACCT 


GGAGGAGACC 


ACATGAGACT 


GGTGGTTACA 


TGTTAGAGTG 


420 


TGTGTGTCTT 


GGTAATGGAA 


AAGGAGAATG 


GACCTGCAAG 


CCCATAGCTG 


AGAAGTGrrr 


480 


TGATCATGCT 


GCTGGGACTT 


CCTATGTGGT 


CGGAGAAACG 


TGGGAGAAGC 


CCTACCAAGG 


540 


CTGGATGATG 


GTAGATTGTA 


CTTGCCTGGG 


AGAAGGCAGC 


GGACGCATCA 


CTTGCACTTC 


600 


TAGAAATAGA 


TGCAACGATC 


AGGACACAAG 


GACATCCTAT 


AGAATTGGAG 


ACACCTGGAG 


660 


CAAGAAGGAT 


AATCGAGGAA 


ACCTGCTCCA 


GTGCATCTGC 


ACAGGCAACG 


GCCGAGGAGA 


720 


GTGGAAGTGT 


GAGAGGCACA 


CCTCTGTGCA 


GACCACATCG 


AGCGGATCTG 


GCCCCTTCAC 


780 


CGATGTTCGT 


GCAGCTGTTT 


ACCAACCGCA 


GCCTCACCCC 


CAGCCTCCTC 


CCTATGGCCA 


840 


CTGTGTCACA 


GACAGTGGTG 


TGGTCTACTC 


TGTGGGGATG 


CAGTGGTTGA 


AGACACAAGG 


900 


AA^TAAGCAA 


ATGCTTTGCA 


CGTGCCTGGG 


CAACGGAGTC 


AGCTGCCAAG 


AGACAGCTGT 


960 


AACCCAGACT 


TACGGTGGCA 


ACTTAAATGG 


AGAGCCATGT 


GTCTTACCAT 


TCACCTACAA 


1020 


TGGCAGGACG 


TTCTACTCCT 


GCACCACGGA 


AGGGCGACAG 


GACGGACATC 


TTTGGTGCAG 


1080 


CACAACTTCG 


AATTATGAGC 


AGGACCAGAA 


ATACTCTTTC 


TGCACAGACC 


ACACTGTTTT 


1140 


GGTTCAGACT 


CAAGGAGGAA ATTCCAATGG 


TGCCTTGTGC 


CACTTCCCCT 


TCCTATACAA 


1200 


CAACCACAAT 


TACACTGATT 


GCACTTCTGA 


GGGCAGAAGA 


GACAACATGA 


AGTGGTGTGG 


1260 


GACCACACAG 


AACTATGATG 


CCGACCAGAA 


GTTTGGGTTC 


TGCCCCATGG 


CTGCCCACGA 


1320 


GGAAATCTGC 


ACAACCAATG 


AAGGGGTCAT 


GTACCGCATT 


GGAGATCAGT 


GGGATAAGCA 


1380 


GCATGACATG GGTCACATGA TGAGGTGCAC 


GTGTGTTGGG 


AATGGTCGTG 


GGGAATGGAC 


1440 


ATGCATTGCC TACTCGCAAC TTCGAGATCA GTGCATTGTT GATGACATCA CTTAGAATGT 


1500 


GAACGACACA 


TTCCACAAGC 


GTCATGAAGA 


GGGGCACATG 


CTGAACTGTA 


CATGCTTCGG 


1560 


TCAGGGTCGG 


GGCAGGTGGA AGTGTGATCC 


CGTCGACCAA TGCCAGGATT 


CAGAGACTGG 


1620 


GACGTTTTAT 


CAAATTGGAG 


ATTCATGGGA 


GAAGTATGTG 


CATGGTGTCA 


GATACCAGTG 


1680 


CTACTGCTAT GGCCGTGGCA TTGGGGAGTG GCATTGCCAA CCTTTACAGA CCTATCCAAG 


1740 


CTCAAGTGGT 


CCTGTCGAAG 


TATTTATCAC 


TGAGACTCCG 


AGTCAGCCCA ACTCCCACCC 


1800 


CATCCAGTGG 


AATGCACCAC 


AGCCATCTCA 


CATTTCCAAG 


TACATTCTCA 


GGTGGAGACC 


1860 


TAAWVATTCT 


GTAGGCCGTT 


GGAAGGAAGC 


TACCATACCA 


GGCCACTTAA 


ACTCCTACAC 


1920 


CATCAAAGGC 


CTGAAGCCTG 


GTGTGGTATA 


CGAGGGCCAG 


CTCATCAGCA 


TCCAGCAGTA 


1980 
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CGGCCACCAA 


GAAGTGACTC 


GCTTTGACTT 


CACCACCACC AGCACCAGCA 


CACCTGTGAC 


2040 


CAGCAACACC 


GTGACAGGAG 


AGACGACTCC 


CTTTTCTCCT CTTGTGGCCA 


CTTCTGAATC 


2100 


TGTGACCGAA 


ATCACAGCCA GTAGCTTTGT 


GGTCTCCTGG GTCTCAGCTT 


CCGACACCGT 


21S0 


GTCGGGATTC 


CGGGTGGAAT 


ATGAGCTGAG 


TGAGGAGGGA GATGAGCCAC 


AGTACCTGGA 


2220 


TCTTCCAAGC 


ACAGCCACTT 


CTGTGAACAT 


CCCTGACCTG CTTCCTGGCC 


GAAAATACAT 


22 80 


TGTAAATGTC 


TATCAGATAT 


CTGAGGATGG 


GGAGCAGAGT TTGATCCTGT 


CTACTTCACA 


2340 


AACAACAGCG 


CCTGATGCCC 


CTCCTGACCC 


GACTGTGGAC CAAGTTGATG 


ACACCTCAAT 


2400 


TGTTGTTCGC 


TGGAGCAGAC 


CCCAGGCTCC 


CATCACAGGG TACAGAATAG 


TCTATTCGCC 


2460 


ATCAGTAGAA 


GGTAGCAGCA 


CAGAACTCAA 


CCTTCCTGAA ACTGCAAACT 


CCGTCACCCT 


2520 


CAGTGACTTG 


CAACCTGGTG 


TTCAGTATAA 


CATCACTATC TATGCTGTGG 


AAGAAAATCA 


2580 


AGAAAGTACA 


CCTGTTGTCA 


TTCAACAAGA 


AACCACTGGC ACCCCACGCT 


CAGATACAGT 


2640 


GCCCTCTCCC 


AGGGACCTGC AGTTTGTGGA AGTGACAGAC GTGAAGGTCA 


CCATCATGTG 


2700 


GACACCGCCT 


GAGAGTGCAG 


TGACCGGCTA 


CCGTGTGGAT GTGATCCCCG 


TCAACCTGCC 


2760 


TGGCGAGCAC 


GGGCAGAGGC 


TGCCCATCAG 


CAGGAACACC TTTGCAGAAG 


TCACCGGGCT 


2820 


GTCCrCTGGG 


GT" - zcTA-rr 


ACTTCAAAGT CTTTGCAGTG AGCCATGGGA GGGAGAGCAA 


2880 


GCCTC7GACT 


-CTCAACAGA 


CAACCAAACT 


GGATGCTCCC ACTAACCTCC 


AGTTTGTCAA 


2940 


TGAAACTGA7 


TCTACTGTCC 


TGGTGAGATG 


GACTCCACCT CGGGCCCAGA 


TAACAGGATA 


3000 


CCGACTGACC 


GTGGGCCTTA 


CCCGAAGAGG 


CCAGCCCAGG CAGTACAATG 


TGGGtCCCTC 


3060 


TGTCTCCAAG 


TACCCCCTGA 


GGAATCTGCA 


GCCTGCATCT GAGTACACCG 


TATCCCTCGT 


3120 


GGCCATAAAG 


GGCAACCAAG AGAGCCCCAA AGCCACTGGA GTCTTTACCA CACTGCAGCC 


3180 


TGGGAGCTCT 


ATTCCACCTT 


ACAACACCGA GGTGACTGAG ACCACCATCG TGATCACATG 


3240 


GACGCCTGCT 


CCAAGAATTG 


GTTTTAAGCT 


GGGTGTACGA CCAAGCCAGG 


GAGGAGAGGC 


3300 


ACCACGAGAA 


GTGACTTCAG 


ACrCAGGAAG 


CATCGTTGTG TCCGGCTTGA 


CTCCAGGAGT 


3360 


AGAATACGTC 


TACACCATCC 


AAGTCCTGAG 


AGATGGACAG GAAAGAGATG 


CGCCAATTGT 


3420 


AAACAAAGTG 


GTGACACCAT 


TGTCTCCACC 


AACAAACTTG CATCTGGAGG 


CAAACCCTGA 


3480 


CACTGGAGTG 


CTCACAGTCT 


CCTGGGAGAG 


GAGCACCACC CCAGACATTA 


CTGGTTATAG 


3540 


AATTACCACA 


ACCCCTACAA 


ACGGCCAGCA 


GGGAAATTCT TTGGAAGAAG 


TGGTCCATGC 


3600 


TGATCAGAGC 


TCCTGCACTT 


TTGATAACCT 


GAGTCCCGGC CTGGAGTACA 


ATGTCAGTGT 


3660 


TTACACTGTC 


AAGGATGACA 


AGGAAAGTGT 


CCCTATCTCT GATACCATCA 


TCCCAGCTGT 


3720 


TCCTCCTCCC 


ACTGACCTGC GATTCACCAA CATTGGTCCA GACACCATGC 


GTGTCACCTG 


3780 


GGCTCCACCC 


CCATCCATTG 


ATTTAACCAA 


CTTCCTGGTG CGTTACTCAC 


CTGTGAAAAA 


3840 


TGAGGAAGAT 


GTTGCAGAGT 


TGTCAATTTC 


TCCTTCAGAC AATGCAGTGG 


TCTTAACAAA 


3900 


TCTCCTGCCT 


GGTACAGAAT- 


ATGTAGTGAG 


TGTCTCCAGT GTCTACGAAC AACATGAGAG 


3960 


CACACCTCTT 


AGAGGAAGAC AGAAAACAGG TCITGATTCC CCAACTGGCA 


TTGACTTTTC 


4020 
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TGATATTACT 


GCCAACTCTT 


TTACTGTGCA 


CTGGATTGCT 


CCTCGAGCCA 


CCATCACTGG 


4080 


CTACAGGATC 


CGCCATCATC 


CCGAGCACTT 


CAGTGGGAGA 


CCTCGAGAAG 


ATCGGGTGCC 


4140 


CCACTCTCGG 


AATTCCATCA 


CCCTCACCAA 


CCTCACTCCA 


GGCACAGAGT 


ATGTGGTCAG 


4200 


CATCGTTGCT 


CTTAATGGCA 


GAGAGGAAAG 


TCCCTTATTG 


ATTGGCCAAC 


AATCAACAGT 


4260 


TTCTGATGTT 


CCGAGGGACC 


TGGAAGTTGT 


TGCTGCGACC 


CCCACCAGCC 


TACTGATCAG 


4320 


CTGGGATGCT 


CCTGCTGTCA 


CAGTGAGATA 


TTACAGGATC 


ACTTACGGAG 


AAACAGGAGG 


4380 


AAATAGCCCT 


GTCCAGGAGT 


TCACTGTGCC 


TGGGAGCAAG 


TCTACAGCTA 


CCATCAGCGG 


4440 


CCTTAAACCT 


GGAGTTGATT 


ATACCATCAC 


TGTGTATGCT 


GTCACTGGCC 


GTGGAGACAG 


4500 


CCCCGCAAGC 


AGCAAGCCAA 


TTTCCAl-TAA 


TTACCGAACA 


GAAATTGACA 


AACCATCCCA 


4560 


GATGCAAGTG 


ACCGATGTTC 


AGGACAAIAG 


CATTAGTGTC 


AAGTGGCTGC 


CTTCAAGTTC 


4620 


CCCTGTTACT 


GGTTACAGAG 


TAACCACCAC 


TCCCAAAAAT 


GGACCAGGAC 


CAACAAAAAC 


4680 


TAAAACTGCA 


GGTCCAGATC 


AAACAGAAAT 


GACTATTGAA 


GGCTTGCAGC 


CCACAGTGGA 


4740 


GTATGTGGTT 


AGTGTCTATG 


CTCAGAATCC 


AAGCGGAGAG 


AGTCAGCCTC 


TGGTTCAGAC 


4800 


TGCAGTAACC 


AACATTGATC 


GCCCTAAAGG 


ACTGGCATTC 


ACTGATGTGG 


ATGTCGATTC 


4860 


CATCAAAATT 


GCTTGGGAAA 


GCCCACAGGG 


GCAAGTTTCC 


AGGTACAGGG 


TGACCTACTC 


4920 


GAGCCCTGAG 


GATGGAATCC 


ATGAGCTATT 


CCCTGCACCT 


GATGGTGAAG 


AAGACACTGC 


4980 


AGAGCTGCAA 


GGCCTCAGAC 


CGGGTTCTGA 


GTACACAGTC 


AGtGTGGTTG 


CCTTGCACGA 


5040 


TGATATGGAG 


AGCCAGCCCC 


TGATTGGAAC 


CCAGTCCACA 


GCTATTCCTG 


CACCAACTGA 


5100 


CCTGAAGTTC 


ACTCAGGTCA 


CACCCACAAG 


CCTGAGCGCC 


CAGTGGACAC 


CACCCAATGT 


5160 


TCAGCTCACT 


GGATATCGAG 


TGCGGGTGAC 


CCCCAAGGAG 


AAGACCGGAC 


CAATGAAAGA 


5220 


AATCAACCTT 


GCTCCTGACA 


GCTCATCCGT 


GGTTGTATCA 


GGACTTATGG 


TGGCCACCAA 


5280 


ATATGAAGTG 


AGTGTCTATG 


CTCTTAAGGA 


CACi'riXaACA AGCAGACCAG 


CTCAGGGTGT 


5340 


TGTCACCACT 


CTGGAGAATG 


TCAGCCCACC 


AAGAAGGGCT 


CGTGTGACAG 


ATGCTACTGA 


5400 


GACCACCATC 


ACCATTAGCT 


GGAGAACCAA 


GACTGAGACG 


ATCACTGGCT 


TCCAAGTTGA 


5460 


TGCCGTTCCA 


GCCAATGGCC 


AGACTCCAAT 


CCAGAGAACC 


ATCAAGCCAG 


ATGTCAGAAG 


5520 


CTACACCATC ACAGGTTTAC 


AACCAGGCAC 


TGACTACAAG 


ATCTACCTGT 


ACACCTTGAA 


5580 


TGACAATGCT 


CGGAGCTCCC 


CTGTGGTCAT 


CGACGCCTCC 


ACTGCCATTG 


ATGCACCATC 


5640 


CAACCTGCGT 


TTCCTGGCCA 


CCACACCCAA TTCCTTGCTG 


GTATCATGGC 


AGCCGCCACG 


5700 


TGCCAGGATT 


ACCGGCTACA 


TCATCAAGTA 


TGAGAAGCCT 


GGGTCTCCTC 


CCAGAGAAGT 


5760 


GGTCCCTCGG 


CCCCGCCCTG 


GTGTCACAGA GGCTACTATT 


ACTGGCCTGG 


AACCGGGAAC 


5820 


CGAATATACA 


ATTTATGTCA 


TTGCCCTGAA 


GAATAATCAG 


AAGAGCGAGC 


CCCTGATTGG 


5880* 


AAGGAAAAAG 


ACAGACGAGC 


TTCCCCAACT 


GGTAACCCTT 


CCACACCCCA 


ATCTTCATGG 


5940 


ACCAGAGATC 


TTGGATGTTC 


CTTCCACAGT 


TCAAAAGACC 


CCTTTCGTCA 


CCCACCCTGG 


6000 


GTATGACACT 


GGAAATGGTA 


TTCAGCTTCC 


TGGCACTTCT 


GGTCAGCAAC 


CCAGTGTTGG 


6060 
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GCAACAAATG 


ATCTTTGAGG 


AACATGGTTT 


TAGGCGGACC 


ACACCGCCCA CAACGGCCAC 


6120 


CCCCATAAGG 


CATAGGCCAA 


GACCATACCC 


GCCGAATGTA 


GGACAAGAAG CTCTCTCTCA 


6180 


GACAACCATC 


TCATGGGCCC 


CATTCCAGGA 


CACTTCTGAG 


TACATCATTT CATGTCATCC 


6240 


TGTTGGCACT 


GATGAAGAAC 


CCTtACAGTT 


CAGGGTTCCT 


GGAACTTCTA CCAGTGCCAC 


6300 


TCTGACAGGC 


CTCACCAGAG 


GTGCCACCTA 


CAACATCATA 


GTGGAGGCAC TGAAAGACCA 


63 60 


GCAGAGGCAT 


AAGGTTCGGG 


AAGAGGTTGT 


TACCGTGGGC 


AACTCTGTCA ACGAAGGCTT 


6420 


GAACCAACCT 


ACGGATGACT 


CGTGCTTTGA 


CCCCTACACA 


GTTTCCCATT ATGCCGTTGG 


O w 


AGATGAGTGG 


GAACGAATGT 


CTGAATCAGG 


CTTTAAACTG 


TTGTGCCAGT GCTTAGGCTT 


6540 


TGGAAGTGGT 


CATTTCAGAT 


GTGATTCATC 


TAGATGGTGC 


CATGACAATG GTGTGAACTA 


6600 

w O U V 


CAAGATTGGA 


GAGAAGTGGG 


ACCGTCAGGG AGAAAATGGC 


CAGATGATGA GCTGCACATG 


6660 


TCTTGGGAAC 


GGAAAAGGAG 


AATTCAAGTG 


TGACCCTCAT 


GAGGCAACGT GTTACGATGA 


6720 


TGGGAAGACA 


TACCACGTAG 


GAGAACAGTG 


GCAGAAGGAA 


TATCTCGGTG CCATTTGCTC 


6780 


CTGCACATGC 


TTTGGAGGCC 


AGCGGGGCTG 


GCGCTGTGAC 


AACTGCCGCA GACCTGGGGG 


6840 


TGAACCCAGT 


CCCGAAGGCA 


CTACTGGCCA GTCCTACAAC 


CAGTATTCTC AGAGATACCA 


6900 


TCAGAGAACA 


AACACTAATG 


TTAATTGCCC 


AATTGAGTGC 


TTCATGCCTT TAGATGTACA 


6960 


GGC:TGAC:j:;GA 


GAAGATTCCC 


GAGAGTAAAT 


CATCTTTCCA ATCCVGAGGA ACAAGCATGT 


7020 


CTCTCTGCCA 


AGATCCATCT 


AAACTGGAGT 


GATGTTAGCA GACCCAGCTT AGAGTTCTTC 


7080 


TTTCTTTCTT 


AAGCCCTTTG 


CTCTGGAGGA AGTTCTCCAG 


CTTCAGCTCA ACTCACAGCT 


7140 


TCTCCAAGCA 


TCACCCTGGG 


AGTTTCCTGA GGGmTCTC ATAAATGAGG GCTGCACATT 


7200 


GCCTGTTCTG 


CTTCGAAGTA 


TTCAATACCG 


CTCAGTATIT 


TAAATGAAGT GATTCTAAGA 


7260 


TTTGGTrrGG 


GATCAATAGG 


AAAGCATATG 


GAGCCAACCA AGATGCAAAT GTTTTGAAAT 


712 0 


GATATGACCA 


AAATTTTAAG 


TAGGAAAGTC 


ACCCAAACAC 


TTCTGCTTTC ACTTAAGTGT 


738 0 


CTGGCCCGCA 


ATACTGTAGG 


AACAAGCATG 


ATCTTGTTAC 


TGTGATATTT TAAATATCCA 


/ 44 0 


CAGTACTCAC 


TmrCCAAA 


TGATCCTAGT 


AATTGCCTAG 


AAATATCTTT CTCTTACCTG 


7500 


TTATTTATCA 


ATTTTTCCCA 


GTATTTTTAT 


ACGGAAAAAA 


TTGTATTGAA AACACTTAGT 


7560 


ATGCAGTTGA 


TAAGAGGAAT 


TTGGTATAAT 


TATGGTGGGT 


GATTATTTTT TATACTGTAT 


7620 


GTGCCAAAGC 


TTTACTACTG 


TGGAAAGACA 


ACiXjlTlTAA TAAAAGATTT ACATTCCACA 


7680 
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WHAT IS CLAIMED IS: 

I. A fibrin -binding molecule consisting of at least 
one peptide essentially corresponding to the ^^Fl.^^Fl module 
pair of fibronectin. 

5 2. A fibrin-binding molecule in accordance with 

claim 1, wherein said peptide essentially corresponds to 
positions 2123-2232 of SEQ ID N0:1. 

3. A fibrin- binding molecule in accordance with 
claim 1, wherein said peptide essentially corresponds to 

10 positions 2141-2230 of SEQ ID N0:1. 

4. A fibrin-binding molecule in accordance with 
claim 1, further including, bound to said peptide, a 
therapeutic agent or a diagnostic marker. 

5. A molecule according to claim 4, wherein said 
15 peptide is labeled with a detectaJDle laJDel. 

6. A molecule according to claim 4, wherein said 
peptide is conjugated to a therapeutic agent. 

7. A molecule according to claim S, wherein said 
therapeutic agent is selected from a thrombolytic and a 

20 fibrinolytic agent. 

8 . A molecule according to claim 6 , wherein said 
therapeutic agent is a cytotoxic agent. 

9. A pharmaceutical composition, comprising a 
fibrin -binding molecule according to claim 1, and a 

25 phannaceutically acceptable carrier. 

10. An isolated nucleic acid molecule, comprising a 
polynucleotide encoding a peptide according to claim 1. 

II. A method for preparing a fibrin-binding peptide 
according to claim 1, comprising culturing a host comprising a 

30 nucleotide sequence encoding said peptide under conditions 
such that said peptide is expressed in said host in 
recoverable amounts. 

12. A method for detecting a fibrin-binding target 
site in a subject, said target site selected from the group 
35 consisting of clots, thrombi, microthrombi, pulmonary emboli, 
atherosclerotic lesions or tumors, said method comprising: 

(a) administering to said subject a diagnostically 
effective amount of a detectably labeled fibrin-binding 
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molecule according to claim 4, said labeled molecule 
substantially -accumulating at said target site, relative to 
the amount of accumulation of said labeled molecule at a non- 
target site; and 

5 (b) detecting said labeled fibrin-binding molecule 

which has accumulated at said target site, 

13. A method for treating a disease or disorder 
involving abnormal fibrinolysis or f ibrinogenesis, comprising 
administering to a subject a fibrin-binding effective amount 

10 of a molecule according to claim 1. 

14. An isolated f ibrin-peptide binding antibody, 
comprising a binding domain specific for an epitope of a 
fibrin-binding molecule according to claim 1. 

15. A method for preparing a fibrin-binding peptide 
15 according to claim 1 comprising enzymatically cleaving the 

intact fibronectin molecule and recovering a peptide 
essentially corresponding to the ^^Fl.^^Fl module pair of 
fibronectin. 

IS. A method for preparing a fibrin -binding peptide 
20 according to claim 1 comprising synthesizing said peptide by 
peptide synthesis. 

17, A method for disrupting blood clots comprising 
administering a thrombolytic or fibrinolytic effective amount 
of a molecule in accordance with claims 7. 

25 



30 



35 



( c 
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13. directed to 


a method of treatment using an unconjugated (ibrin-binding peptide. 
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The method of group FV does not share a special technical feature with group V because, although they produce the 
same product, they do so by maienally different means, and neither method is required to practice the other. The 
mrthod of group IV docs not share a special technical feature with the method of group VI because the two methods 
employ materially different process steps, and neither is required to practice the other. 

The method of group V does not share a special technical feature with the method of group VI because the two methods 
employ materially different process steps, and neither is required to practice the other. 
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